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JAMES YANG 


ORGANIZATIONS AROUND THE WORLD ARE FUNDAMENTALLY CHANGING 
the way they view risk. Senior managers are looking at the entire range of their expo- 
sures and are beginning to examine the way independent risks interact and the indi- 
vidual and combined effects they have on the organization’s bottom line. 
Unfortunately, the language used to describe risks is becoming muddied. 
Driven in part by the increased attention being given to pure financial risk in 
most organizations, the definitions of risk and risk management are chang- 
ing. What a banker calls risk management is likely to be far different 
from what a traditional risk manager defines. As businesses 
expand the definition of risk to include both “hazard” risks 
(such as property and casualty risks) and “nonhaz- 
ard” risks (such as financial and new 
|. product risks), there should 


Jerry A Miccolis, FCAS, MAAA, leads 
Tillinghast-Towers Perrin's worldwide risk 
management practice. He is based in the 
firm's Parsippany, NJ, office. 


WHARTON REPROGRAPHICS n 


Jury 1996 / Risk MANAGEMENT 48 


Reproduced with permission of copyright owner. Further reproduction prohibited. 
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In order for senior managers to have a 
complete grasp of all-encompassing risk as 
it affects their businesses, they need to 
communicate the varieties of risk 


be a convergence of the treasurer's and 
the risk managers definition of risk. 
This more complete definition is closer 
to the way a typical CFO or CEO 
would view risk. [See Exhibit 1] In 
order for senior managers to have a 
complete grasp of all-encompassing 
risk as it affects their businesses, they 
need to communicate the varieties of 
risk in a common language. Only then 
can they approach risk holistically, 
with an understanding of how the 
risks work independently and togeth- 
er, and how they could affect the bot- 
tom line when combined. 


The Graphic Model 

To lay a foundation for discussion 
senior managers across disci- 

plines, Tillinghast-Towers Perrin 

developed a graphic way of illustrat- 

ing risk. This model has several 

advantages: it. can represent risks of all 


in a common language. 


types; it can encompass any number 
of variables and business/economic 
scenarios; it is flexible, evolving as the 
nature or number of risks, relevant 
business and financial strategies 
change; and it represents the nexus of 
financial and actuarial 

Let's consider the example of XYZ 
Company. The CEO and CFO of the 
XYZ Company want to look at all of 
their business risks holistically, eval- 
wating a variety of risk/reward trade- 
offs and ultimately establishing an 
overall risk management strategy that 
reflects the culture and goals of the 

n. 

Because XYZ is publicly held, the 
managers agree that the most impor- 
tant financial measure is earnings per 
share. They also establish a corporate 


. threshold for *pain"—the risks they 


are unwilling to tolerate, i.e., a drop in 


annual earnings of more than five 





EXHIBIT 1 


TYPES OF RISK 


Nonhazard Risks 





FINANCIAL 
Securities 
Interest Rates 


Currency 
Credit 


Hazard Risks 
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cents per share more than once every 
20 years. They establish correspond- 
ing pain tolerances for other earnings 
per share threshold values. Together, 
these values represent the company’s 
appetite for risk. 

The CEO and CFO then reexamine 
XYZ's risks to be sure they have iden- 
tified all the potential material expo- 
sures—from natural catastrophes, lia- 
bility lawsuits and competitive pres- 
sures, to interest rate fluctuations, cur- 
rency swings and commodity prices. 
Some of these risks, such as natural 
catastrophes and pension fund invest- 
ments, operate fairly independently. 
However, risks such as interest rate 
and currency fluctuations can have a 
strong interrelationship. Others may 
depend on the individual company. 
For example, hurricanes may present 
a Florida-based construction company 
with the risk of property damage but 
also the potential for windfall profits. 

Once XYZ's management under- 
stands its risk exposures and their 
potential for interaction, it can begin 
to model the extent of the company’s 
risks under various scenarios. This 
model is created by reviewing past 
experience as well as looking forward. 
Examining historical experience can 
be valuable, but it is often only part of 
the story. For example, if XYZ 
Company produces a variety of soft- 
ware products and has a lively 
research and development depart- 
ment, its earnings in five years will be 
largely dependent on products that 
don’t exist now. Anticipating what 
those products might be and what 
exposures they could represent is an 
important part of the modeling pro- 
cess that will involve research and 
development as well as the financial 
and operations personnel. 

Catastrophe modeling is another 
example of looking ahead to determine 
potential exposures to risk. Reviewing 
hurricane damage over the last 10 
years won't give XYZ enough informa- 
tion to predict its property losses for 
the next few years, so the company 
uses sophisticated natural catastrophe 
models that reflect its unique concen- 
tration of property values and its busi- 
ness interruption dynamics. Outside 
data sources revealing weather or 





earthquake patterns might also figure 
into this equation. 

Modeling all these exposures may 
seem like a formidable task. But, in 
actuality, the modeling is not the diffi- 
cult part. The challenge is knowing 
enough about the nature of the expo- 
sures to make informed judgments on 
the specifications of the model such as 
likely frequency, severity and impact 
on operations under various busi- 
ness/economic scenarios. This under- 
lying knowledge of the business is 
critical to effective management of 
XYZ in any event—whether or not it 
is used in a model. If this knowledge 
is lacking, the exercise of model- 

- building can force the issue. 


Using the Model 

Once a model is built, XYZ can put it 
to good use. Let's focus on the issue of 
designing a risk financing program. 





Modeling exposures may seem like a 
formidable task. But, in actuality, the chal- 
lenge is knowing enough about the nature 
of the exposures to make informed judg- 
ments on the specifications of the model. 


represents the probability of each 
exposure—Exposure 1 might be earth- 
quakes; Exposure 2, currency fluctua- 
tions; Exposure 3, product recall —and 
shows that in the worst year out of the 
next five, the adverse impact on earn- 
ings per share will exceed the thresh- 
old value shown. For example, the 
probability that an earthquake 
(Exposure 1) would impair XYZ's 
earnings by more than $.05 per share 
in the worst year out of the next five is 


XYZ uses the model to simulate multi- — 15 percent. How severe could the 
year projections of expected costs and, impact be? This can be forecasted by 
more importantly, the volatility of looking at the probabilities of exceed- 
those costs. That volatility can be ing higher EPS threshold values, e.g., 
expressed in terms of impact on XYZ's $07 per dar GU percent pbabublity 
earnings per share. Exhibit 2 shows in this example) and $.10 per share (5 
how that might be done. The exhibit percent probability). 

| EXHIBIT 2 | 

! Individual Exposure Model 
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Although this information is useful, 
the real value of the exercise comes 
from allowing these various risks to 
interact. While a number of the expo- 
sures can be considered independent 
(and their simulation results simply 
combined), some will be interdepen- 
dent. The modeling of interdependent 


risks is useful, however; understanding : 


the nature of the dependent exposures 
is imperative to sound management. 
Now XYZ can test the efficacy of var- 
ious multiyear, multirisk financing 
programs. Exhibit 3 shows an example 
of this approach. Under risk financing 
program A (which may be a combina- 
tion of high-layer catastrophe insur- 


ance and an earnings- 


smoothing finan- . : 
cial product, both on a combined-risk ” >s. 
basis and a carve-out for California ' 
earthquake), the probability that the .. 


Pare 
E ES oa 


O 


combined impact of all exposures-: -svs 


would result in a hit to earnings of . 


more than $.05 per share in the worst 
year out of the next five is 2 percent. 

After completing the exercise, XYZ 
discovers that by examining all its 
material risks on a combined basis, 
the risks’ aggregate impact on earn- 
ings is less than if each were treated 
and hedged individually. In other 
words, XYZ's prior strategy of hedg- 
ing each risk separately from the oth- 
ers upset the “natural order of things” 
and, by not allowing independent 
risks to offset each other over time, 
led to risk financing/hedging pro- 
grams that were collectively costly 
and counterproductive. 

The final piece of the picture is to 
create an overall representation of 
XYZ's risk tolerance. This is conveyed 
in Exhibit 4 as a ceiling that sits above 
the cityscape of risk. An objective of 
XYZ's risk financing program is to stay 


below this limit. The elements of this. 


picture constitute XYZ's “riskscape.” > 
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EXHIBIT 3 


Combined Exposure Model 


. ^ 25% 


. ~ 20% 





"| Bak Financing Program C 
$0.05 ! = . | Miek Financing Program B 
$0.07 $9.19! isk Financing Program A 








"EXHIBIT 4 


The "Riskscape" 
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How does this modeling affect the 
company's focus? In the past, XYZ 
had made its risk financing deci- 
sions—indeed, most of its business 
decisions—by focusing on the reward 
side of the risk/reward tradeoff. Net 
present value analyses ruled in this 
context. Now management has a tool 
to evaluate the risk side of the equa- 
tion. Risk financing alternatives can 
be judged, and most business deci- 
sions made, based on how they 
change the shape of XYZ’s riskscape. 
This visual device has in effect 
become the common language for 
tisk within XYZ. An important result 
has been that more effective manage- 
ment of the riskscape—changing the 
risk profile—has become the focus of 
risk management within XYZ. 


The Overall Picture 


E) E: | 
TUE | Miel Fisancias Progam b The XYZ Company is but one exam- 


ple. ABC Ltd. performed a similar 
exercise and found the most impor- 
tant factor to be the probability of a 
material interruption in annual rev- 
enue (turnover) growth in the worst 
year out of the next seven. DEF Co. 
preferred to use cashflow on a three- 
year rolling average basis over the 
next 10 years. The unifying concept of 
common language in all these exam- 
ples is that all sources of risk to the 
organization are represented in terms 
of the probability that, in combina- 
tion, they would adversely affect the 
bottom-line measure that matters 
most over a strategic time horizon, 
relative to the organization's tolerance. 

As businesses’ view of risk continues 
to expand to include virtually any 
uncertainty that could materially 
threaten achievement of strategic busi- 
ness objectives, the need for a way to 
understand these risks in common 
terms grows. The need to discuss these 
risks both internally and externally in 
clearly understandable, bottom-line, 
The progressive risk manager can be a 


y natural catalyst for this change, bring- 


ing together finance, treasury, line 
management, R&D, human resources 
and the CEO, to build a risk-based 
framework for enlightened decision 
making—presented in a universally 
understood language of risk. w 







by Todd L. Williams 


e read more and more 
about risk manifest- 
ing itself at other- 
wise-successful orga- 
nizations. The stories 
of how the founda- 
tions shook at Orange 
County, Barings PLC, Proctor & 
Gamble, Exxon and Daiwa are the 
kinds of things that cause managers 
to lose sleep. Which company will 
fall victim to the next such incident? 
Will it be employee sabotage, prod- 
uct tampering or a sudden regulatory 
shift that causes a potentially signifi- 
cant reduction in earnings? 

Business leaders are asking why 
business risks of all types, not just 
financial risks, are causing trouble 
more often today. Change, such as 
reengineering and downsizing, as 
well as the complexity of the global 
economy and technological 
advances, causes risk. And because 
change is occurring today at a much 
faster rate than ever before, it com- 
pounds the emerging risks, decreases 
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margins of error and shrinks deci- 
sion-making timeframes. 

In short, the business of risk is 
changing and, therefore, so must the 


business of risk management. 


Although many organizations have 


traditionally viewed risk as residing 
only in neatly defined, insurable 
exposures, business risk lurks in all 
functions and processes. In this 
tumultuous environment, yesterday's 
approaches may not keep pace or 
accurately protect a company from 
risk. Business risk must be redefined 
as any event or action that prevents 
an organization Írom achieving its 
objectives—and the job of managing 
risk must be shared by executives in 
all operating disciplines. 

To understand how organizations 
are handling business risks, Arthur 
Andersen and The Economist 
Intelligence Unit conducted a global 
study over the past 18 months. 
Written surveys, phone interviews 
and face-to-face discussions were uti- 
lized to gather information from 
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senior executives about the steps 
organizations are taking to get a han- 
dle on their risks. 

Some of the most surprising results 
indicated that more than half of senior 
executives interviewed were not high- 
ly confident that all of their relevant 
business risks had been identified and 
placed under adequate controls. In 
addition, 50 percent said they had 
reviewed their risk control policies 
and procedures in the last year, and 
almost two-thirds of these same exec- 
utives stated they would be reviewing 
their risk assessment tools and tech- 
niques within the next three years. 

While it is vital to stress that no 
organization can eliminate risk com- 
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pletely, there are a number of steps 
organizations can take to be more 
proactive in managing the total uni- 
verse of risks they face: 

Create a process-oriented view 
of risk management. Most compa- 
nies are organized around traditional 
functions. Process structures based 
on activities, rather than reporting 
relationships, are more flexible than 
typical vertical structures (and thus 
easier to change). Á process approach 
to risk management tears down tradi- 
tional functional barriers, allowing 
business risk assessment and control 
to permeate all aspects of an organi- 
zation. The risk management process 
can be strengthened considerably 


iDan BERET 
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when its application involves effec- 
tive cross-functional communications 
and coordination. 

Build an effective organizational 
control structure. Responsibility for 
alerting senior management to rele- 
vant risks cannot sit with one person, 
team or department. All managers 
must have direct communications 
channels up, down and across their 
business units to facilitate risk identi- 
fication and implementation of the 
appropriate responses. Traditional 
organizational frameworks are giving 
way to new models like boundary- 
less communications at General 
Electric, horizontal structures at 
Allied-Signal and flattened pyramids 


gm 


at Eastman Chemical. These new 
models all share a looser, informa- 
tion-based structure that depends 
more on information flows than 
reporting relationships. 

Develop a common business risk 
language. All contributors to the 
business risk management equation 
must be able to understand one 
another. Án organization cannot 
adapt to a changing environment 
without effective information flows 
across functions, divisions and 
reporting channels. lan Ramsden of 
Analog Devices, the Massachusetts- 
based semiconductor company, says, 
“It is the commonly defined language 
and a routinely applied problem- 
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solving process that allow my com- 
pany to organize cross-functional 
teams rapidly in an extremely com- 
petitive marketplace.” 

This last step is especially relevant 
to those who perform the role of the 
traditional risk manager. Tools such 
as a common risk language allow us 
to talk directly to individuals from 
the boardroom to the boiler room 
and to explain risk control scenarios 
with clarity and depth. 


Expanding Risk | 

What does research that shows the 
necessity for a heightened awareness 
of risk mean for traditional risk man- 
agers? It presents an opportunity to 
redefine the function’s scope and 
activities within an organization. 

The traditional risk manager’s 
focus has been pure risk (defined as 
uncertainty as to whether a loss will 
occur), and it has been his or her 
responsibility to prevent, fund, trans- 
fer, avoid or control fortuitous losses. 
A focus on speculative risk (uncertain- 
ty as to whether a specific activity is 
likely to produce gain or loss) has 
been reserved for operational man- 
agers. Expanding the definition of 
risk to encompass pure and specula- 
tive risk can lead to a holistic, inte- 


EXHIBIT A 


grated approach to managing all busi- 
ness risks (as opposed to considering 
each type of risk independently). 

This expanded definition of risk 
also has the potential to include a 
broader strategic perspective. For 
example, Arthur Andersen helped 
one client increase senior manage- 
ment's awareness of a probable leg- 
islative shift that would change one 
profit center's customer base from a 
small group of federal agencies to 
similar entities at the state level. Such 
a change would alter the division's 
marketing strategy and could ulti- 
mately change the allocation of capi- 
tal to the division. This application of 
the risk management process to a 


strategic situation has traditionally . 


been outside the risk manager's role. 
Armed with a new focus and 
expanded scope, the risk manager's 
principal activities will change. The 
new risk manager's role will be that 
of a “risk process manager” or “risk 
champion” for the organization. The 
risk process manager will be chal- 
lenged not only with traditional 
insurable risks, but also with apply- 
ing the same risk management pro- 
cess to all business risks. Effective 
risk managers will start by develop- 
ing a common risk language and 


Reinventing Risk Management 


Old Paradigm 
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Risk management applied only 
to pure risk - 


Functional approach, limited to 
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Risk management applied to pure 


Process approach transcending 
functions and divisions 


Operational and strategic perspective 
Risk process manager or risk champion 


and involvement 


Common risk lenguege understood 
from the boardroom to the boiler room 
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establishing an effective control 
structure that promotes an integrated 
risk management process throughout 
the organization. The shifting risk 
management paradigm is illustrated 
in Exhibit 1. 

Specific examples of organizations 
that have a fully integrated approach 
to managing business risks remain 
rare. However, this author is aware 
of several risk managers and organi- 
zations that appear to be on the lead- 
ing edge, such as Roger Lewington of 
The BOC Group, Scott Lange of 
Microsoft Corporation, and Timothy 
Bunt of Prudential Insurance 
Company of America. These risk 
managers have several things in 
common. They use the expanded 
definition of risk; they each have the 
support and involvement of their 
senior management; and they are all 
taking a process view to manage 
risks. These individuals currently 
represent exceptions to traditional 
roles, but as risk increases as quickly 
as the rate of change, risk managers 
will have the chance to increase their 
visibility and importance within 
their organizations. 

As risk experts, risk managers are 
positioned ideally to play a leading 
role in managing the organization’s 
business risks as well as to increase 
the challenge and importance of their 
jobs. Adhering to a traditional func- 
tion will likely cause risk managers to 
miss an opportunity and to see the 
role of managing business risks 
championed by someone else. 


An integrated Approaca 
How does an organization apply this 
integrated approach to risk? One 
example comes from a major U.S. 
publishing and financial services 
company where senior financial man- 
agement established an objective to 
identify, measure and assess business 
risks and controls. In addition, senior 
management wanted a high-level 
analysis of gaps in risk control strate- 
gies and recommendations for closing 
those gaps. The following is a brief 
description how this process was 
completed. 

To identify strategic and opera- 
tional risks, roughly 50 key execu- 
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tives were interviewed. At the corpo- 
rate level, the CEO, president, trea- 
surer, director of risk management 
and the senior executive for each 
function (such as human resources, 
legal, management information sys- 
tems and others) were interviewed. 
Similar interviews were conducted 
among divisional or profit center 
managers. 

The next step was to measure those 
risks and assess the existing controls. 
When controls for exposures that 
exceeded a predetermined financial 
threshold were examined, we found 
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some risks with inadequate controls 
and some that were actually over- 
controlled. 

Next, Arthur Andersen presented 
the study’s findings to the company’s 
senior executive committee, and it 
responded by charging key members 
of senior management with responsi- 
bility for certain under-controlled 
risks. For this organization, the 
expertise required to close risk con- 
trol gaps was found internally; how- 
ever, in Many instances, companies 
must search outside for the required 
expertise. One year later, the compa- 





ny is still proactively eliminating risk 
control gaps identified during the 
process. 

The key success factors in this 
instance were expanding the defini- 
tion of risk, applying a process-ori- 
ented view to risk management and 
enlisting the support and involvement 
of senior management. The company 
plans to perform this process every 
three to five years. By including pure 
and speculative business risk and 
focusing on potentially catastrophic 
exposures, financial executives easily 
gained the interest and support of 
senior managers at the corporate and 
divisional level. 


Understanding Risk 

We have performed the same type of 
process with numerous other clients 
and uncovered an array of business 
risks. One common exposure stems 
from the redistribution of manage- 
ment information, such as marketing 
databases, accounts receivable, 
accounts payable and other critical 
functions, from centralized data cen- 
ters to networks at local oper: ions. 
In many cases, a company's primary 
data center has strong risk controls, 
such as a disaster plan, security mea- 
sures and off-site data storage. 
However, as technology advances, we 
have found operations that have 
moved management information 
away from a centralized data center 
without installing the appropriate risk 
control measures—leaving the divi- 
sion exposed to risk. 

Another type of business risk 
includes legal precedents that could 
dramatically affect the way a compa- 
ny does business and its financial 
results. A current example is the 
recent settlement by one company in 
the tobacco industry, which could 
influence similar litigation faced by 
other companies. Other scenarios 
include legal decisions that can influ- 
ence how a particular product can be 
marketed or that change the prevail- 
ing standard of care or expense need- 
ed to manufacture a product. 

Other common risks include dam- 
age to a company’s reputation, regu- 
latory or legislative changes, elimina- 
tion of barriers to entry, financial 
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As the names of 
companies that have 
underestimated their 
exposures are plastered 
across news reports, it is 
no longer enough to ask 
the old questions such as 
“Are my risks covered?”. 


risks and catastrophic loss. Warning 
signs that risk management efforts are 
not controlling these exposures are 
listed in Exhibit 2. 


Changing 

Risk control measures are typically 
perceived as constraints and bound- 
aries restricting the activities of opera- 
tional managers. There is more to this 
analysis, though. Attempting to assess 
and control all relevant business risks 
proactively not only helps to prevent 
adverse events from happening, it 
also allows favorable results to devel- 
op. Although evaluating where an 
organization's risks lie will probably 
indicate a need to allocate resources 
to specific threats, this search is likely 
to uncover some risks that are over- 
controlled. When this occurs, man- 
agers can reallocate scarce resources 
to match the organization's objectives 
more effectively. 

Risk and risk management may be 
the words of the day, but business 
risks and the problems they can cause 
are not going away. Risk has always 
been (and will always be) here. 
Today's difference is that we are start- 
ing to notice the effects of risk more 
often. The good news is the business 
world is responding. Chief risk offi- 
cers are being named by major orga- 


nizations to try to allay these fears. 

As the names of companies that 
have underestimated their exposures 
are plastered across news reports, it is 
no longer enough to ask the old ques- 
tions such as “Are my risks covered?”. 
Risk managers today must go at least 
one step further by asking “How do | 
know? Am I sure?". 

By broadening the current defini- 
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“SB&T Captive Management 
y capable 
personable 
staff. They're 
easy to get 
along with 
and always 
dio" 


Rich McCarthy 





tions of risk and risk management and 
taking more proactive steps to identify 
risks and their sources, you can better 
fulfill your corporate responsibility as 
a senior executive, operations manag- 
er or risk manager. You also change 
from your current role, whatever it 
may be, to risk manager. Shouldnt we 
all be risk managers in this risky 
world? Hi 


President, Title Reinsurance Company. Washington DC 
Executive VP & Treasurer, Title Industry Assurance Company 










with the regulators. 
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"We've been working with SB&T Captive since 1987, when they were called 
HANNA insurance, and the captive industry was just getting started in Vermont. 
“The working relationship we have with SB&T isn't available anywhere else. 
We are not a number. The staff is always happy to accommodate us. They even 
customize financials the way we want them, wherever practical. SB£T's president 
interacts well with our Board of Directors. And SB&T has excellent relationships 


SB&T Captive Menagement is Vermont's foremost tndependeni captive management 
company Our account list includes risk retention groups, industrial insured groups, 


(802) 863-5774 


An Affiliate of Smith, Bell & Thompson Inc. 


© 1996 SB&T Captive Management Company, 102 South Winooski Avenue, 
FO. Box 730, Burlington, Vermont 054020730. 


“A few years ago we thought about re-domesticating our reinsurance 
company, but we just felt too comfortable with Vermont and with SB&T Captive.” 
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CHAPTER 


RISK AND UTILITY: 
ECONOMIC CONCEPTS 
AND SIMPLE 

DECISION RULES 





Risk is present when the outcome of some defined activity is not known. Given the 
financial or economic approach of this text, the outcomes with which we are concerned 
can be directly or indirectly measured in money terms., Risk refers to the quality of 
variation in the range of possible outcomes; the greater the potential variation, the 
greater the risk. In the economic sense, risk does not refer to the adverse quality of 
some outcomes (losses instead of profits), but rather to the lack of knowledge about 
which of several outcomes may prevail. Risk is implied by our inability to predict the 
future. If risk was not present, many of our decisions would be trivial: We would 
simply choose that course of action which has the highest certain payoff. Under such 
circumstances, risk management would be a simple clerical task and this book would 
serve no purpose. However, when chance intervenes in the selection of outcomes, 
decision making becomes simultaneously more complex and more personal: Even 
though we may reasonably assume that everyone prefers more money to less, people 
differ in how they respond to risk. The differences in personal preferences to risk may 
relate to our personalities and to our economic circumstances. Accordingly, if eco- 
nomics is to provide us with a useful framework for making decisions under conditions 
of risk, it must help us to process and compare the potential outcomes on terms dictated 
by our personal preferences and circumstances. 

Our task in this chapter is to specify simple decision rules that will help us to come 
to terms with the nature of risk and its effect on decision making. The so-called 
expected-utility hypothesis will be used to analyze simple risk management decisions— 
notably insurance decisions. In addition, the basic ideas will be useful in making 
preliminary statements concerning loss prevention and in analyzing certain features of 
the i insurance market. The concepts to be da | in this chapter are preliminary. 
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AP rst approximation, we may think of the simple risk-management decisions dis- 
pole a as being faced by an individual rather than by a corporation. The individual 
must make decisions on financing or take steps to prevent events that might prove 
catastrophic to him or her. When we come to look at corporations later, the separation 
of ownership and control will call for considerable modification of the decision pro- 
cedure. Ownership of a corporation Is represented by financial claims (shares of stock). 
We must then determine how the risky prospects facing a firm affect the ownershi p 
claims and how risk-management decisions can best protect the welfare of a firm's 
owners. This will require some development of statistical measures of risk, an un- 
derstanding of the process of diversification, and some rudimentary awareness of how 
capital markets function. These are the subjects of the following chapters. For now, 
we will concentrate on an individual who must make decisions concerning risky events 
that may profoundly affect his or her personal welfare. 


DERIVATION OF DECISION RULES 


Simple Risky Prospects 


A convenient starting place for our exploration of risky decision rules is an analysis 
of choices in which no risk is present. The decisions to be made in this uncomplex 
and safe world turn out to be trivially simple if we assume that outcomes can be 
specified in money terms. Of course, some events bring payoffs that are not directly 
specified in money values, but we assume that money equivalents can be assigned by 
the decision maker. For example, consider a choice between action A and action B. 
Action A is simply “do nothing” and has a zero payoff, Action B involves working 
for 10 hours for a fee of $200. To make a comparison, the decision maker must place 
a money-equivalent value for the labor involved in action B. If he decides that he is 
indifferent between each hour's work and receiving $18, then 10 hours effort has a 
negative money value of $180. The comparison between actions A and B is now 
presented in the following terms: 


oo Dn, 


Aetlon Payot! ($) 
ERN coco; Ne A I; EN 
A (Do nothing) $ 0 
B (Work 10 hours) Fee $200 
" Value of effort —180 
Net value $ 20 


— RE ————— 


As long as the decision maker is confident that he has correctly valued his time and 
effort at $18 per hour, the decision is quite mechanical. Action B has a higher payoff 
than action A and should be preferred. | . ] 

To stretch our assumption of a certain world, consider a gamble between two 
people who have the unnerving facility to predict the future, The gamble involves 
the flip of a coin, the outcome of which, for us mortals, is certainly a risky activity, 
but which, for our prophets, is never in doubt, Prophet A will pay prophet B $10 if 
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the coin turns up heads; otherwise prophet B will pay prophet A $10, Since both know 
that the coin will tum up tails, a meaningful transaction will never take place; prophet 
B will never agree, Possibly prophet A might be willing to pay prophet B $10 to 
induce him to make the "bet," but the activity is pointless because both break even. 
If we descend from Mount Olympus, the transaction will have quite different impli- 
cations, since the outcome from tossing a coin is quite risky, Neither party will, in 
reality, know the outcome in advance, and the gamble therefore exposes both parties 
to a risky future. The payoff to the parties depends on chance, as follows: 


Decision Payott 

A's Decision: 
1. Gamble $10 or — 10 
2, Do nol gamble $0 

B's Decision: 
1. Gamble $10 or —10 
2. Do not gamble $0 


To help A and B decide whether to gamble with cach other, they might each make 
use of further information they have at their disposal. Neither knows whether the coin 
will land heads or tails, but each, believing the coin to be unbiased, assumes that the 
coin is equally likely to land on heads and tails. In other words, A and B believe that 
the probabilities of heads and tails are each one-half, We will represent this information, 
together with the payoffs, in the following format (the alternatives available to each 
decision maker are prospects V, that is, gamble, and W, that is, do not gamble): 


4 $10 — 0.5 probability 
Pigana -$10 0.5 probability 

=; $0 0.5 probability 

W (do not gam) $0 0.5 probability 


The dollar value on each line represents the payoff, and the associated probability 
follows. 

In this choice, risk is present in the spread of values for the first alternative, but it 
is absent from the second alternative. With the gamble, the outcome cannot be pre- 
dicted; it can take a range of values. Risk is inherent in this rangé or spread. If no 
gamble is selected, the outcome is the same, regardless of some chance event such 
as the toss of a coin. However, risk is a relative term. Consider the preceding gamble 
V along with the following: 


—$10 0.01 probability -$10 0.99 probability 


Z = $20 0.5 probability 
—$20 0.5 probability 


x «| $10 — 0.99 probability -{ $10 — 0.01 probability 


vL 


n " 
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X has the same range of outcomes as V, but the probabilities have changed. Certainly, 
the odds have been altered in favor of the gambler, but the degree of predictability 
has also changed. Winning comes close to being a “sure thing.” Thus chance has less 
opportunity to be capricious. Although the range of possible outcomes remains un- 
changed, the degree of "variability" has changed significantly. Y simply reverses the 
probabilities from X. Now the odds are blased against winning, and undoubtedly, this 
reduces the attractiveness of gambling. However, the degree of “predictability, or 
variation in outcomes, remains similar to that for X. Our concept of risk will take 
account of probabilities. Comparing Z with V, the probabilities are the same, but the 
fange of outcomes has increased, The increase in the range of outcomes contributes 
to an increase in risk. Thus risk, in the economic sense, ls a quality that reflects both 
the range of possible outcomes and the distribution of respective probabilities for each 


of the outcomes. 


The Expected-Value Rule 


Let us now set up a decision rule that can help us to choose between risky alternatives. 
Consider, for example, a choice between the following (outcomes in dollar values, 


followed by probability): 
.4 
10 05 D = 0 0 


A= jio 05 20 0.6 
0 05 _fo 06 
B=}. os  ^"^]20 04 
5 0.5 fi os 
C™ 115 0.5 F eja 05 


Bach alternative will be called a prospect; outcomes B, C, D, E, and F may be further 

described as “risky” prospects. Outcome A is clearly a nonrisky prospect. — 
The decision rule will focus on the outcome that may be expected to prevail "on 

average." More precisely, we will select the alternative with the highest expected value 


EV, defined as follows: 
| | EV, = S PX, | | (3-1) 
i 


where EV, = expected value of the prospect ] 
P, = probability of outcome X, 
X, = outcome in money value 


Thus, for alternative B, the expected value is 


EV, = 0.5($0) + 0.5($20) = $10 
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One interpretation of this value is as follows. If an individual accepted a large 
number of such risky prospects, he or she would win $20 on some and nothing on 
others. The average outcome would be very close to $10 per prospect if the number 
of prospects was sufficiently large.' Thus $10 is the long-run average value for the 
risky prospect. If the individual paid $10 for each bet of type B, he or she would 
break even in the long run. | 

Using this expected-value rule, a single value can be assigned to each prospect, 
and this, hopefully, will aid in decision making, The respective values are 


EV, = EVs = EVc = $10 
EVp = $12 
EV; = $8 
EV, = $11.5 


Consequently, our ranking should be 


D > F > (À or B or C) > E 


If this rule works successfully, testing a group of decision makers should confirm 
the ranking. -Testing on a class of graduate and undergraduate students reveals some 
problems. Preference of D over E appears to be virtually unanimous for all subjects. 
So far so good; this is exactly what the rule predicts. However, preferences tend to 
appear between A, 8, and C, and according to the rule, they should rank equally. 
Most students prefer A to B (or C) and C to B. One stubborn approach to such problems 
is to assert that students do not know what is good for them and that we should continue 
to believe the rule. However, the rule must serve preferences, not be a master to them. 
Other problem rankings tend to arise. The expected-value rule asserts that F should 
be preferred to A, but many students (not all) prefer A. Several other choices do not 
correspond with the expected-value rule. Such experiments are not laboratory-con- 
trolled, and differences between group responses appear. However, such simple tests 
do reveal that individuals have strong preferences that cannot obediently be classified 
by such a simple rule, Having preferences different from those predicted by the 
expected-value rule does not imply irrationality. 


The St, Petersburg Paradox 


A more dramatic illustration of how such a rule may break down was formulated some 
two centuries ago by Daniel Bernoulli. Bernoulli was an eighteenth-century Swiss 
mathematician and physicist and one-time professor of mathematics at the Russian 


"This also assumes that successive outcomes are Independent, This will be discussed in detail later. 


Sl 
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Academy in Saint Petersburg. Bernoulli posed the following problem, which has come 
to be known as the St. Petersburg paradox: 
Consider a game in which one player flips a fair coin. If the coin reveals heads, the player 


will pay the other player 2 dollars (or ducats or whatever), and the game is over, If the ren 
lands on tails, It is tossed again. If the second toss lands heads, the first player pays ($2) 


dollars to the second, and the game is over. 1f the second toss lands tails, the coin is flipped . 


again, Thus the game continues until the first heads appears, and then the first player pays 
the second ($2)", where n signifies the number of tosses required to reveal the first heads. 
Since a head will tum up eventually, the second player wants a long preceding run of tails. 
The problem is: How much will the second player be willing to pay to enter the game? Of 
course, individuals vary in their responses, but seldom will anyone be willing to pay more 
than $10 to enter such a game. 

The nature of the paradox can be seen by considering the expected valuc of such a game. 
We will represent the risky prospect in the following form, showing the sequence of tails 
and heads required to produce each outcome: 


Sequence required 


to produce 
Outcome  Probablilty outcoma 
$2 Ma H 
oF y? i TH 


23 43 TTH 
St, Petersburg _ à . ' 
Paradox 


E d e TT [fn — 1 1imas)] * ** H 
HM T MNA causer U BB CC ON re e l  ]ml 
The expected value of the game is 


ettititers 
zm 00 


vil | | hat has 
Why is it that people will typically only pay a few dollars to participate in a game t 
an Infinite vidue? Clearly, the expected-value rule has broken down dramatically. 


What causes the expected-value rule to fail in the simple-choice experiments given 
to the class and in the St. Petersburg paradox? The answer is that risk is ignored. 
Returning to the simple prospects, $10 with certainty (prospect A) is clearly very 
different from a fifty-fifty gamble for $20 or nothing (prospect B). The general pref- 
erence for A over B and the small entry price to the St, Petersburg game indicate that 
the quality of variability in outcomes is an adverse factor for the decision maker given 
equality in expected values. Most people prefer choices with less risk rather than more. 
This does not mean that people will never choose risk when it can be avoided. The 
expected value of one prospect may be so advantageous in comparison with a competing 
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prospect thal aversion to risk is overcome, It is easy to construct such choices. Consider 
the following: 


Gs be 0.5 probability . 


Ha $9 . 0.5 probability 
$10 0.5 probability 


$20 0,5 probability 


G may be seen as the entry price to gamble H; by not gambling, the individual retains 
$10 with certainty. If I were to make an offer of accepting such gambles, I imagine 
that I would be killed in the rush. 1 hasten to add that idle speculation does not 
constitute such an offer, The next question therefore is: How can attitudes toward risk 
be considered in an appropriate decision rule? One useful answer lies with the concept 
of utility. | 


kaj 


The Expected-Utility Rule 


There are two related ways of trying to resolve the St. Petersburg paradox, One 
approach, suggested by Bernoulli, is to place some weighting on money outcomes; 
later, this approach led to the concept of utility of income or wealth. A second approach 
is to recognize explicitly that risk per se has a cost and to embody this cost as a 
parameter in the decision. This second approach will be examined later when we 
discuss the mean-variance rule. We will now present the utility approach and show 
that this embodies a welfare measurement of risk. 

Utility is a scale of measurement of the satisfaction derived from some economic 
good, particularly income or wealth. To represent utility, lel us make some fairly 
innocuous assumptions. First, we will order levels of satisfaction with the statement 
that "more wealth is preferred to less wealth." Second, we will make a further statement 
that has the effect of ordering differences in wealth. The incremental utility, or sat- 
isfaction, from unit increases in wealth decreases as wealth increases. Thus, if 1 am 


. poor, an addition of $1000 to my wealth will make a considerable impact on my level 


of welfare. If I am rich, the extra $1000 will still Increase my satisfaction, but only 
marginally, These concepts are known in economics as the law of diminishing marginal 
utility, and the law is represented by utility function OA shown in Figure 3-1. Of 
course, different individuals will scale different levels of wealth in different ways. 
Thus two other utility functions, OB and OC, are also shown in the figure. The positions 
of these functions have little significance, because they apply to different people. We 
are unable to make direct comparisons of different individuals’ capacities for enjoying 
wealth. However, some forms of comparison can be made. The function OB seems 
to be less concave than OA, whereas OC appears to change its slope more rapidly 
than OA as wealth increases. In other words, individual B (with curve OB) appears 
to value increases in wealth almost as highly at high levels of wealth as at low levels 
of wealth, In contrast, the satisfaction curve OC of individual C flattens out very 
quickly, indicating that individual C's capacity for enjoying additional wealth tails off 


quickly as wealth increases. These features, as we shall see, reveal differences in 


attitudes toward risk. 
What is the connection between utility and risk? Consider a simple gamble. The 


9L 


n + 
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0 
FIGURE 3-1 


Wealth 


choices are (1) to keep our current wealth and not gamble or (2) to enter an “equal 
odds" gamble in which we win or lose $10. Put another way, the gamble substitutes 
for our current wealth of $10, a fifty-fifty chance of wealth $0 or wealth $20. Should 
we enter the gamble? Let us represent the choices on the wealth scale of Figure 3-2, 
which also shows a utility function conforming to the preceding assumptions. If the 
gamble is not undertaken, wealth is $10, which has a utility value shown on the vertical 
axis as U($10). For an income of $10, the slope of the utility curve is neither very 
steep nor very flat, showing an intermediate value on changes in wealth. Now consider 
a very small gamble in which we either win or lose $1. If we win, wealth increases 
- to $11, which, naturally, has a higher utility than $10. If we lose, our wealth falls to 
$9, which has a lower utility than $10. However, notice the respective sizes of these 
prospective changes in utility. Because the utility curve becomes flatter as wealth 
increases, the loss of utility from the fall in wealth exceeds the increase in utility from 
an equal gain in wealth. This differential valuation of the gain or loss from the gamble 
causes a bias against taking such a risky decision. Now consider the larger gamble. 
Losing reduces wealth drastically: to position $0, where marginal dollars have a very 
high value, as indicated by the steep slope of the utility curve at this level of wealth. 
However, winning takes us to $20, where the utility curve is pretty flat, showing that 
marginal dollars have relatively low utility value. If the utility curve is of the form 
shown, gambles represent a trade in which the individual sacrifices dollars that are 
highly valued (because they coincide with low wealth) in exchange for contingent 
dollars that have a low utility value (because winning will transport the individual to 
a higher wealth level, where the marginal utility of wealth is low). At face value, this 
prospect does not appear very attractive. Diminishing marginal utility creates a bias 
against gambling. 
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The relationship between utility and risk is now presented in a more preci i 
The expected-utility rule represents a revised doto rule that B E te 
for money values in risky prospects in order to select among risky alternatives, The 
rule was developed by John von Neumann and Oskar Morgenstern (1944) and has 
proved to be a very powerful technique for analyzing risky choices. The rule is based 
on à E of formal axioms that will not be examined here; however, we will show that 
ue id ped to provide some very useful preliminary insights into risk-management 


An expected utility EU is assigned to a risky pr o- 
ros ; 
following expression: y prospect in accordance with the 







EU, = D/P U(X) (3-2) 
; i 8 
where EU, = expected utility of prospect j 
P, = probability of outcome X, 
U(X,) = utility value of outcome X, derived from the individual's 
utility function 
FIGURE 3-2 
Ul$20] $———————————————— A 
| 
Cru mtb Np 
| 
| 
| 
| 
| 
E £EVo^10.5] U ($20) | | 
š +0.5 U($0) | 
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` 


Notice how similar this rule is to the expected-value rule. Whereas expected value is 
the weighted average of the money outcomes, expected utility is the weighted average 
of outcomes when those outcomes are expressed in utility values, 

The application of the rule is illustrated in Figure 3-2. The utility values of winning 
and losing are shown on the vertical axis as U($20) and U($0), respectively. Since 
the odds on winning and losing are each 0.5, the weighted average of the two utility 
values is the halfway point; that is, the expected utility of the gamble EUg is 


EUo = 0.5U($20) + 0.5U($0) 


The position is shown on the vertical axis. Now consider the alternative choice, which 
is to avoid the gamble and keep current wealth with certainty (i.e., a probability of 
unity). Writing the expected utility from not gambling as EUyo, we have 


EUno = 1.0U($10) = U($10) 


Clearly, the expected utility from not gambling Is higher than that from gambling. 
Therefore, according to the decision rule, the gamble should be avoided. 

There is no indication from this analysis that one should never gamble, but it does 
imply that gambling should not be undertaken at such odds. The preceding example 
reveals fair odds: that is, the entry price is equal to the expected payoff. There is an 
entry price for the gamble of zero and the expected payoff is also zero, as shown: 


EV = 0.5(—$10) + 0.5($10) = 0 


It is possible to play with the odds until the gamble becomes attractive. For example, 
at 0,9 probability of winning, the expected utility is recalculated at point Z on the 
vertical axis. This is higher than the utility of not gambling. 

From these results, we can make some general statements that apply to an individual 

who has a utility curve of the concave shape shown in Figures 3-1 and 3-2: 


1 These individuals would not rationally gamble at fair odds. 
2 The odds would have to be loaded in the individual's favor in order to induce 


him or her to gamble. 


Accordingly, we will state a very important conclusion. If an individual has a concave 
utility function of the form shown in Figures 3-1 and 3-2, that individual is averse to 
risk by definition. As we shall soon see, aversion to risk implies the willingness to 
pay a premium to avoid risk. Before proceeding, the Interested reader may try con- 
structing a utility function that is convex, i.e., slopes upward at an increasing rather 
than a decreasing rate. The same gamble can be represented and the expected utilities 
recalculated. From such an exercise, it should be concluded that an individual with a 
convex utility function derives positive value from risk and would gamble at fair odds. 
Such a person may be described as a "risk lover." 
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INSURANCE AND THE EXPECTED-UTILITY RULE 


An insurance policy has the opposite risk effect to a gamble. A gamble involves the 
sacrifice of certain wealth in order to acquire the possibility of an increase in wealth. 
An Insurance policy involves the sacrifice of certain wealth in order to avoid the 
possibility of a loss of wealth. With a gamble, one pays to acquire risk; with an 
Insurance policy, one pays to avoid risk. The Insurance strategy can be valued using 
pai rule in an identical manner as the gamble. 
uppose you wish to insure your home. To simplify the issue, your j 

$120, of which $100 is the value of your hakie. Tke house ay or dun oa haa 
down, but assuming any loss to be a total loss, a fire would reduce your wealth from 
$120 to $20. The probability of a fire is 0.25 (this does not reflect pathologic tendencies 
in your children; it is simply a convenient value for purposes of illustration). Since 
your final wealth will be either $120 or $20, with respective probabilities of 0.75 and 
0.25, you can represent your utility in contemplating this insecure prospect as 


EUy, = 0.75U($120) + 0.25U($20) 


where the subscript NI indicates that no insurance has been purchased, What if insurance 


is available? The expected value of the loss is 
EV = 0.25(100) = $25 


| Ignoring transaction costs, an insurer charging such a premium would break even 
if it held a large portfolio of such policies. This premium could be called a fair premium 
or an actuarially fair premium, denoting that the premium is equal to the expected 
value of loss (sometimes called the actuarial value of the policy). The term fair is 
not construed in a normative sense, rather it is simply a reference point. 

Af you are offered insurance at a fair premium, in this case $25, should you insure? 
Consider Figure 3-3, which shows a utility curve revealing aversion to risk. The 
horizontal axis shows possible values of terminal wealth, The positions $20 and $120 
represent possible wealth positions if you do not insure, and the respective utility 
values are revealed on the vertical axis. Insurance at a premium of $25 will remove 
the financial impact of a chance fire, but you must sacrifice $25 of certain wealth to 
pay the premium, Thus, with insurance, my wealth position will be $120 — $25 = $95 
with a corresponding probability of unity. The expected-utility values for insurance 
EU, and no insurance EU,, are constructed as follows: š 


EU, = 1.0U($95) = U($95) 
EUm = 0.25U($20) + 0.75U($120) 


Both positions are clearly shown on the vertical axis of Figure 3-3. As shown, EU, 
Is greater than EU, suggesting that insurance should be purchased. Is this ranking 
accidental? In fact, it is not. | 


8l 98 


8t 
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. A geometric technique to find the expected utility of two wealth levels is shown 
in Figure 3-3. A chord AB is drawn from the two positions on the utility curve 
corresponding to the alternative wealth levels. The position at which this chord inter- 
cepts the expected money value of wealth (position C) traces out expected utility, The 
reason this trick works is that the same probability weights are used for expected value 
and expected utility. Clearly, if the utility curve is concave from below, point C, 
which traces out the expected utility of not insuring, will always be below point D, 
. which identifies the expected utility of insuring. Thus we can state the following 


preliminary Ideas: 


1 A concave utility curve implies aversion to risk, in confirmation of our earlier 


result. 
2 A rational, risk-averse individual will choose to insure if the premium is equal 
to. the expected value of loss. 


This second statement is very important. It is often known as the Bernoulli principle, 
and it provides a powerful rationale for insurance and will help condition our thinking 
for more complex corporate risk-management problems. t 
Before introducing more realistic problems, let us dwell for a little while longer 
on risk aversion and stress the equivalence between the shape of the utility function 


FIGURE 3-3 
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FIGURE 3-4 


and attitude toward risk by considering exceptional cases. Figure 3-4(a) shows a utility ` 


function that is convex, implying that, for this individual, the marginal valuation of 
wealth increases as wealth increases (the more money she gets, the more money she 
wants), The attitude toward insurance is quite different from that revealed by a concave 
utility function. Since the marginal valuation of wealth is high when we pay the 
premium but low when we receive a loss settlement, insurance is unattractive, The 
same geometric construction is undertaken, using the same notation as in Figure 3-3, 
to show the respective positions of EU, and EU. Notice that EU, derived from 
position C, is now higher than £U,, from position D, showing that insurance should 
not be purchased, It takes little imagination to show that if the utility curve is linear, 
as shown in Figure 3-4(b), the individual is neither averse to risk nor does she like 
risk; she is risk-neutral. Now the expected utility from insuring is exactly equal to 
that from not insuring. The risk-neutral individual will choose purely on the basis of 
expected values of alternative risky prospects; the risk per se has no value. 


SOME RISK-MANAGEMENT PROPOSITIONS FOR INDIVIDUALS . 
Insurance with Premium Loadings | 


The Bernoulli principle provides a useful starting point for a treatment of risky decision 
making. It reveals that risk has a cost and that this cost is neglected in a decision rule 
that uses expected value alone. However, for practical risk management, the Bernoulli 
principle addresses a problem that is not very interesting. Seldom, if ever, is an 
insurance premium equal to the expected or actuarial value of the policy payment. 
Even if the insurance market is highly competitive, such that all surplus profit is 
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removed from insurers, the transaction costs of writing insurance must be covered and 
the capital employed in the insurance industry must make a normal return. Typically, 
transaction costs of writing insurance are high, both for the insurer and for the agent 
or broker. Consequently, the insurance premium usually ranges between 125 and 175% 
or more of the expected value of losses. Can we use the expected-utility rule to say 
anything about optimal insurance decisions with these, more realistic, premium struc- 
tures? | 

Consider Figure 3-3 again, but suppose that the premium charged by the insurer is 
$35 instead of $25. The effect of purchasing insurance would be to give the insured 
a certain wealth of $85 (that is, $120 — $35 = $85). The utility from insuring can 
be ascertained by using the utility curve to plot the corresponding value, U($85), on 
the vertical axis. Clearly, this value lies between U($95) and EU yy; therefore, insurance 
is still preferred to no insurance. If the premium were $55, it would turn out that 
insuring would give the same utility, U($65), as not insuring. At this premium, the 
individual would be indifferent between insuring and not insuring. At any premium 
lower than $55, insurance would be desirable; at any greater premium, insurance would 
be undesirable. 

This example reveals that a risk-averse individual would be willing to pay a premium 
above the expected value of loss in order to remove risk by purchasing an insurance 
policy. The maximum an individual is willing to pay above the expected value of loss 
is known as the risk premium (not to be confused with the insurance premium, which 
is simply the price of the insurance policy). The fact that an individual is willing to 
pay a risk premium to remove risk indicates that the individual is risk-averse. The 
more risk averse the individual is, the greater the risk premium that he or she will 
pay. Thus the risk premium provides a measure of an individual's attitude toward risk. 

Risk premiums will differ among individuals, and it is not possible to offer a general 
theorem that states precisely the conditions under which insurance will be purchased. 
The most general statement that can be made at this point is that a risk-averse individual 
is willing to incur a risk premium to remove the riskiness of his or her wealth prospect 
by means of an Insurance policy. In reality, the insurance premiums charged by an 
insurance company may or may not be too high to Induce any given individual to 
purchase insurance. Conceptually, we can state that if the insurance premium satisfies 
the following condition, individual i will purchase insurance: 


P — E(L) < RP, 


where P = the insurance premium 
E(L) = the expected value of loss 
RP, = the risk premium for individual i 


The left-hand side of the inequality represents the portion of the insurance premium 
allocated to transaction costs and insurer's profit. This is known as the premium loading 
or markup. If we know the loss distribution and the insurance premium, we can 
calculate the left-hand side of this condition, but the right-hand side is a subjective 
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value that will differ among individuals. At any given premium loading, some people 
will purchase insurance and others will not, The best we can say is that, other things 
being equal, the higher the premium loading, the smaller the number of people who 


. will wish to buy: insurance. 


From this discussion it seems that the expected-utility rule can help to discipline 
and organize our thinking about the purchase of insurance or similar risky decisions. 
We can use the rule to make general statements about the decision process and the 
tradeoffs an individual has to make. However, to correctly predict the actual decision 
made by an individual requires knowledge of that individual's utility function—not 
just its general shape (such as concave), but its exact form. We can never look inside 
people's heads, nor are people usually able to articulate and quantify a concept as 
abstract as utility. Despite these operational limitations, the rule does yield important 
insights. It focuses attention on the types of costs and benefits that are involved in the 
decision, and it will often enable us to narrow down the set of alternative choices so 
that we focus orily on those solutions which are compatible with our general attitude 
toward risk, Some further general propositions are now appropriate. 


Gambling at Unfalr Odds 


The preceding proposition asserted that a risk averter would be willing to pay a risk 
premium (i.e., pay an insurance premium in excess of the expected value of loss) in 
order to purchase an insurance policy. The risk premium is really the price to the 
insured for converting a risky wealth prospect into a riskless wealth prospect. With 
this reasoning, it would appear that a risk averter would want to be paid a risk premium 
in order to induce him or her to voluntarily accept risk. Put another way, a risk-averse 
individual would have to be offered odds that were in his or her favor in order to 
induce him or her to gamble, First, we will demonstrate this proposition; then we will 
try to resolve the difficulty it creates for us in explaining why people actually gamble 
at unfair odds. 

Figure 3-5 depicts a gamble that is, initially, identical to that shown in Figure 
3-2. The individual starts with a wealth level of $10. The individual can choose to 
keep the $10 or gamble. The gamble might involve rolling a die. 1f the resulting 
number is even, the gambler wins $10; if the resulting number is odd, the gambler 
loses $10. Assuming the die is unbiased, the odds of winning and losing are each 0.5 
and the expected value of the gamble is I 


0.5(—$10) + 0.5($10) = 0 
The expected wealth is the same for both the gamble and the no gamble alternatives, 
that is, $10. The expected utilities differ significantly. Respectively, the expected 


utilities of not gambling EUyg and EUg are as follows: 


EUxg = U($10) 
EUo = 0.5U($0) + 0.5U($20) 
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FIGURE 3-5 


The respective positions are shown on the vertical axis, revealing that the individual 
. will prefer not to gamble. m | 
What will induce this risk-averse person to gamble? Two possibilities spring to 
mind: (1) keep the stakes the same, but change the odds in the gambler's favor or (2) 
keep the fifty-fifty odds, but change the stakes in the gambler's favor. For solution 1, 


consider the probability of 


a Winning = 0.85 
b Losing = 0.15 


Therefore, 
EUg = 0.15U($0) + 0.85U($20) 


These odds have been engineered such that EUpo = EUG, revealing that the individual 
is indifferent between not gambling and gambling at these favorable odds. If the odds 
are further improved in the gambler's favor, she would definitely prefer to gamble. 
Much the same result can be achiéved by changing the stakes instead of the odds ; 
i.e., solution (2). Consider the gamble to involve a win of $10 with a probability of 
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0.5 and a loss of $4 with a probability of 0.5. The expected utility of gambling is 
now 
EUg = 0,5U($6) + 0.5U($20) 


which, again, has been engineered to give the same utility value as not gambling, as 


. shown on the vertical axis of Figure 3-5. 


In each of these cases, the expected value of the gamble has been increased in order 
to make the gamble more attractive relative to the no gamble choice. Expected wealth 
without gambling is $10. In contrast, the expected values, respectively, of (/) and (2) 
are 


EV = 0.15($0) + 0.85($20) = $17 
EV, = 0.5($6) + 0.5($20) = $13 


This increase in expected value is necessary in order to induce a risk averter to gamble, 
and as such, it is analogous to the risk premium discussed in connection with insurance. 


Resolution of the Insurance and Gambling Paradox 


This analysis of gambling leaves us with a problem in explaining why people, in 
reality, choose to gamble. Even more puzzling is the fact that the same people often 
gamble and insure. The weekend visitor to Las Vegas or Atlantic City will retum 
home and promptly pay the insurance premium for his or her home or life policy. Let 
us first address the simpler issue of why an individual might choose to gamble. The 
difficulty in explaining gambling is enhanced when we consider that most gambling 
is undertaken at unfair odds; after all, the bookmaker and the casino must come out 
ahead to stay in business. 


1 One explanation of gambling is simply that gamblers are not risk-averse; their 
utility curves are convex rather than concave. For such individuals, gambling Is rational 
behavior. However, we observe many people who gamble but otherwise appear to 
behave in a risk-averse manner. Some possible explanations of ‘gambling that do not 
upset the notion of risk aversion are as follows: | 

2 Gamblers act on subjective rather than objective probabilities. Gamblers often 
believe they have a system or that they can read the cards or have a superstitious belief 
in "Lady Luck." 

3 The attraction of gambling is not confined to the money outcomes; other forms 
of consumption also arise. A weekend in Las Vegas may be considered to be good 
entertainment, and any loss in gambling is the “price” of that entertainment. The unfair 
odds are comparable with the price of a theater ticket or the cost of a football game. 

4 Another explanation, associated with the British economist G. L. S. Shackle, 
(1938) is that individuals do not respond mathematically to the odds, but instead focus 
their attention on particular outcomes that exert an undue influence on their decision. 
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For example, with gambling, we might be blinded by the thought of winning; with 
insurance, we might be consumed by the image of our house reduced to ashes, — 

. 5 The previous explanation offered a possible resolution of why people might 
simultaneously gamble and insure. A more direct attack on this paradox was undertaken 
by Friedman and Savage (1948) and by Markowitz (1952), who suggested that the 
utility function may not be uniformly concave. A brief examination of the Friedman- 


Savage analysis follows. 


Figure 3-6 shows a-utility curve that is concave over most of its length, but it also 
exhibits a convex section over part of its range. It is important that the point at which 
the curve changes its curvature from concave to convex Is current wealth Wo. Thus, 
for any reduction in wealth, the relevant section of the curve is concave (i.e., in the 
range 0-Wo). Insurance relates to events that will reduce wealth from Wo, and since 
this range Is concave, the individual responds in a rational risk-averse manner by 
purchasing insurance. For wealth increases (i.e., above Wo), the relevant section of 
the curve is convex. Since gambling offers us the prospect of wealth Increases, this 
section of the utility curve is relevant in analyzing such decisions. The curve reveals 
risk preference in this range, and accordingly, it predicts that gambling will be un- 
dertaken at fair or even unfair odds, Subsequent debate on this issue has centered on 
whether the curve will eventually return to the concave form at very high wealth levels 
and on what form of gambling would appear to be rational from this model (high odds 
and high stakes or low odds and small stakes), 

Some recent experimental evidence by Shoemaker and Hershey (1980) suggests 


FIGURE 3-6 
The Friedman-Savage hypothesis. 
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that the context in which a decision is presented may affect the decision, For example, 
consider the following choices: 


$120 0.8 probability 


A = $100 with certainty B = | $0 — 0.2 probability 


The selection might represent the choice about purchasing insurance. Current wealth 
is $120, but there is a 20% chance that it will be totally destroyed. For a premium of 
$20, insurance can be purchased that gives the individual $100 with certainty. The 
same prospects could be presented as a speculative business opportunity. The individual 
can invest $100. There is an 80% chance that this will earn a retum of $20, giving 
the investor a final wealth of $120, but-there is a 20% chance that the investor will 
lose everything. Although these two stories are very different, the mathematical de- 
scriptions of the two problems are identical. Laboratory evidence reveals that subjects 
often respond differently when the context of the decision is changed. 

The ideas discussed here reveal that actual decisions may be a little more complex 


and may have other dimensions than revealed by simple application of the expected- 


utility rule. Nevertheless, many of these ideas represent attempts to describe actual 
behavior, which may not always be rational or which may reflect unusual risk pref- 
erences, rather than attempts to identify rational optimizing behaviors. Our task is to 
prescribe a decision rule that will assist in identifying rational risk management de- 
cisions, and for this purpose, the expected-utility rule provides keen insights. Thus 
our main interest lies in the prescriptive value of the rule rather than its descriptive 
value. 


Partlal Insurance 


In the insurance decisions presented earlier, the choice was of an “all or nothing” 
nature. Insurance was purchased or it was not. More useful is a consideration of 
intermediate solutions. Various devices are currently available through which risk can 
be shared between insurer and insured. One common practice is to write an insurance 
policy with a deductible that assigns liability for the first k dollars of each loss to the 
insured, the insurer picking up the residual. Alternatively, the insurer may cover an 
agreed proportion of each loss, leaving the residual proportion to the insured. Other 
policies place an absolute limit on the insurer's liability. With such devices, the risk 
may be shared by the parties to the insurance contract, and the appropriate decision 
is one of degree, The question: How much insurance should be purchased? replaces 
the question: Whether insurance should be purchased? 

Consider here that the risk is divided on'a proportionate basis. The individual has 
an initial wealth of $120, of which $20 is nonrisky and $100 represents some asset 
that is subject to possible destruction with a probability of 0,25, Only total loss is 
assumed in this example. The reader will recognize this example (see Figure 3-3). In 
the earlier discussion, only full insurance was available, and it could be purchased at 
a premium of $35, the expected value of loss being $25. Let us view full insurance 
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as thé purchase of $100 of compensation in the event of (total) loss. However, we 
might have insured half the loss {i.e., purchased $50 compensation in the event of 
(total) loss) or a quarter of the loss (purchased $25 of compensation), etc. We may 
think of the degree of coverage as variable, the relevant issue being: How many dollars 
of protection should we purchase for the contingent $100 loss? 

To promote this example, the premium is scaled according to the number of dollars 
of protection purchased. If the premium is scaled according to the expected value of 
the insurer’s claim payment, it will be 25 cents per dollar of compensation purchased, 
reflecting the 25% probability of loss. Full coverage would cost $100 x 0.25 = $25; 
50% coverage would cost $50 x 0.25 = $12.50, etc. However, in the example given 
earlier, there was a premium of $35 for full coverage, reflecting a premium rate of 
35 cents per dollar of insurance purchased. What is the optimal level of insurance to 
be purchased? | 2 

This problem will be tackled using a rather different diagram, Figure 3-7 shows 
individual wealth in the event of a loss and in the event of no loss. Each possible 
event is called a state of the world, State 0 refers to loss, and state | refers to no loss. 
The respective axes show the respective wealth levels, and the initial contin gent wealth 
position with no insurance is shown at position A. If the actuarially fair premium is 
charged, full insurance can be purchased for $25. With such full insurance, the in- 
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dividual will have $95 regardless of whether a loss occurs or not. This position is 
represented at position B. The 45° line shows equal wealth in both states and, as such, 
plots out full-insurance positions. Only by purchasing full insurance will wealth be 
independent of which state arises. However, the actual premium is 35 cents per dollar 
of insurance purchased, Thus starting at position A, each 35 cents of income sacrificed 
in state 1 in insurance premium will purchase $1 of compensation in state O (loss 
payment from the insurer). The insurance possibilities are shown on the line ADP,. 
Full insurance is shown at position D (in which case, wealth would be $85 with 


certainty), but the individual can select partial insurance along segment AD. Position 


C represents a partial-insurance solution because it reveals greater wealth in the event 
of no loss than in the event of loss, In other words, compensation would be insufficient 
to provide full indemnity for the loss. 3 

Now let us establish what level of insurance would be optimal at different premium 
rates. The solution of this problem requires some knowledge of the individual's risk 
preferences, These are represented by a set of curves such as /y and /,, which are 
indifference curves. To understand these curves, consider two points such as B and 
E. These are on the same curve, indicating that our subject is indifferent between the 
wealth combinations represented by these points. Notice the tradeoff involved in a 
move such as that from position E to position B. Maintaining the same level of utility 
(i.e., indifference) requires that loss of income in the contingent state 1 be compensated 
by increased income in the contingent state 0. Despite such tradeoffs at a constant 
utility level, more wealth in both states is preferred to less wealth in both states; thus 
position E is clearly preferred to position F, Therefore, position F must offer a lower 
satisfaction level than position E, and consequently, it is on a lower indifference curve, 
that is, fo. Summarizing, all positions on a given indifference curve represent the same 
level of utility, but any point on an indifference curve such as /, is preferred to any 
point on a lower indifference curve such as /g. Indifference curves denote increased 
satisfaction as they move away from the origin. The convexity of the curves to the 
origin indicates aversion to risk. Thus a set of indifference curves can represent the 
same concepts as a utility function. 

We know from the Bernoulli principle that a risk averter will choose to fully insure 
at an actuarially fair premium. Thus at premium rate ABP,, the subject chooses position 
B over partial-insurance solutions on the segment AB. The preference for position B 
is shown by the fact that it is on the highest possible indifference curve that can be 
obtained given the opportunities along AB. The higher premium rate of 35 cents per 
dollar is shown by the line from ADP,. However, the subject can no longer achieve 


. the satisfaction level denoted by indifference curve /,. The best that can be achieved 


is to just reach curve /p, which offers lower satisfaction than /,. This is the highest 
indifference curve that can be reached, as indicated by the tangency point C. Thus 
point C is the optimal position. Notice that point C is below the 45° line, indicating 
that less than full insurance is purchased. In fact, the insured pays JK dollars in 
premiums to receive MN dollars in compensation should the loss occur, Notice that 
the subject could have chosen not to insure (position A) or to fully insure at this 
premium rate (position D). However, both these positions are below indifference curve 
Io, indicating lower utility than position C. 
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This diagrammatic approach illustrates an idea that was proved mathematically 
some years ago by both Mossin (1968) and Smith (1968): that a risk averter will 
normally choose to partially insure if the insurance premium includes a loading factor 
that is positively related to the expected claim payment. Since premiums are usually 
structured in this way, we would expect that most rational people will not choose to 
insure everything in sight, but will retain part of the risk themselves. As with most 
other goods, it appears that as price increases, we choose to purchase less. 


The Design of an Insurance Polley 


The utility concept predicts that, in the face of premium loading, a rational risk- 
management strategy for an individual is to partially insure rather than to fully insure. 
We can use the same ideas to say something about how such a partial-insurance 
arrangement may be constructed. | | 
As mentioned earlier, various devices are commonly used to structure a risk-sharing 
strategy between an Insured and an insurer. A deductible policy covers only the surplus 
above a stated value. Losses below this value are not covered, and the value of the 
deductible is subtracted from the Insurer's payment if the loss exceeds the deductible. 
A proportionate coinsurance policy simply pays a stated proportion of all losses. With 
an upper-limit policy, the insurer's claim payment is limited to an upper value; i.e., 
the insurer pays the value of loss or the policy limit, whichever is the lower. Each of 
these policies will be illustrated in the following example, and we will show that the 
risk-averse insured will have definite preferences for the different types of policies. 
The preferences are demonstrated in the example using the expected-utility rule, (A 
more general proof of these rankings can be derived mathematically, although this 
goes a little beyond the current text; see Arrow, 1963; Raviv, 1979; and Doherty, 
I. : 
po an individual with an initial level of wealth of $200 (we can denominate 
this in thousands of dollars or millions of dollars if this is more appealing), which is 
tied up in physical assets, such as a home, furniture, etc. In addition, he or she has 
$60 in cash. The physical assets are subject to the possibility of damage or destruction, 
the appropriate information being given in the first two columns of Table 3-1. Thus, 


there is a 


50% chance of no loss 
10% chance of a loss of $20 
40% chance of a loss of $40, etc. 


The expected value of loss is $40. If the subject were fully insured, at a premium of 
$60, he or she would receive an insurance payment equal to the value of loss, as 
shown in the third column. The final wealth (i.e., after any loss has occurred and the 
insurance payment is made) is shown in the fourth column, Final wealth ts calculated 
ag the initial wealth ($260) minus the premium ($60) minus the loss plus an insurance 
payment, Since the subject is fully compensated, the final wealth does not vary from 
$200. However, our problem here is to choose between the different partial-insurance 
strategies shown in the remaining columns of the table. Respectively, 
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1 The deductible policy pays the value of loss minus $20, or $0, whichever is 
higher. Thus with a loss of $20, nothing is paid; with a loss of $40, the policy pays 
$20. The expected policy payment is $30, and the final wealth shown has an expected 
value of $205. 

2 The proportlonate coinsurance policy simply pays 7596 of loss, irrespective of 
size. The insurance payments and final wealth are shown accordingly. Notice that this 
policy has been designed so that the expected value of the policy payment is again 
$30, and accordingly, the expected value of final wealth is again $205, 

3 The upper-limit policy pays the value of loss or $100, whichever islower. Again, 
the respective values of policy payment and final wealth are $30 and $205. 


For each policy, the premium is $45, which is 15096 of the expected policy payment. 
Which of these policies is preferred? On the face of it, they appear to give equal value 
for money, since the policies have the same actuarial value and the same premiums 
have been charged. (If the insurer had a well-diversified portfolio of such policies, 
then the same premium could be charged for each type, since long-run claim costs 
are identical.) The expected-utility rule will now be evoked to arrive at a ranking. To 
undertake this task, we will assume a particular form for the utility function that 


TABLE 3-1 
EXAMPLES OF PARTIAL INSURANCE POLICIES 
Full Insurance $20 deductible 
Insurance Final Insurance 
Probability Loss payment wealth payment Wealth ` 
0.5 0 0 200 0 215 
0.1 20 20 200 0 195 
0.2 40 40 200 20 195 
0.1 ; 100 100 200 80 195 
0 200 200 200 180 195 
Expected value: 40 40 200 30 205 





75% colnaurance $45 upper limit 
Insurance Insurance ` 
Probability Loss payment Wealth payment Wealth 
0.5 0 0 215 0 215 
0.1 20 15 210 20 215 
0.2 40 30 205 40 215 
0.1 100 75 190 100 215 
0.1 200 150 165 : 100 115 : 


Expected value: 40 30 205 30 205 


Note: Final wealth la calculated as: Initial waalih = Insurance premlum — loss + policy payment 
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ensures that the shape concurs with the risk-averse, concave form illustrated earlier. 
The form chosen ls? 


U(x ) ËR xo. 
To calculate expected utility of wealth EU, we see that 


E U = $,P,U(X i) 
i 


The calculations are as follows: 


1 Deductible: 


EUp = 0.5(215^* + 0.1(198)°* + 0.2(195)%% + 0.1(195)9^ + 0.1(195)" 
= 70.68 ? 


2 Colnsurance: 


EUe = 0.5(215)°® + 0.1(210)%% + 0.2(205)?* + 0.1(190)%* + 0.1(165)™" 
70.66 


3 Upper-Limit: 


EUy, = 0.5(215)%* + 0.1(215)9* + 0.2(215)%* + 0.1215)9* + 0.1(115)0* 
327055 o 


A definite ranking appears. The deductible policy is preferred to a coinsurance 
policy.having an equal expected policy payment. In tum, the coinsurance policy is 
preferred to an upper-limit policy having the same expected policy payment. This 
preference reveals that the deductible policy is a more effective instrument for con- 
taining the riskiness in the insured's final wealth. Certainly, the deductible exposes 
the insured to some risk, but an upper value is placed on his or her loss. However, 
the upper-limit policy limits the insurer's payment, leaving the insured's potential loss 
quite open-ended. Thus, if we compare the final-wealth columns under the respective 
policies, the final wealth under the deductible policy exhibits the lowest degree of risk 
and the final wealth under the upper-limit policy is the most risky. A cautionary note 
is given: The expected utilities are rather close in value, It should not be concluded 
that differences in utility are marginal. The expected-utility rule is a ranking device 


only. 


?The reader may wish to experiment with other types of functions that also exhibit the concave property, 


le, 
for example UU = 10% or — U(X) = log X 
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This example may also be used to illustrate that partial coverage is often preferred 
to full coverage. In the previous section we demonstrated that if the premium loading 
is positively related to the expected value of claim payment, some degree of partial 
coverage is optimal, We have not tried to ascertain what level of risk sharing is optimal; 
thus the $20 deductible may be inferior to a $30 deductible. However, it is of interest 
to see whether the various forms of partial coverage are preferred to the full-insurance 
policy. The respective premiums for each of the policies are set at 15096 of the expected 
policy payment; thus in each case the loading is 50% of the expected payment. This 
satisfies our premium criterion, since the loading is positively related to the expected 
payout, The utility index for full coverage is established easily, since final wealth is 
$200 with certainty. Expected utility is 


EUre = 2009* = 69,31 


Clearly, each of the partial-insurance strategies is preferred to full insurance. This is 
quite compatible with our previous result, although it is still possible that some other 
levels of partial insurance may prove even better, 


ALTERNATIVE DECISION RULES 
Problems with the Expected-Utility Rule 


The expected-utility rule is a very useful device for helping to condition our thinking 
about risky decisions, because it focuses attention on the types of tradeoffs that have 
to be made. Furthermore, the results it generates are useful as first approximations in 
the search for risk-management solutions. Certainly, it makes sense to transfer risk if 
there is no sacrifice in terms of expected retum. When the transfer of risk is costly in 
terms of expected return, somewhat lower insurance purchases appear to be justified. 
And so on! However, the expected-utility rule and the literature it has spawned do 
have several limitations that reduce their relevance for risk-management purposes: 


1 To calculate expected utility, we need to know the precise form and shape of 
the individual’s utility function. Typically, we do not have such information. Usually, 
the best we can hope for is to identify a general feature, such as risk aversion, and to 
use the rule to identify broad types of choices that might be appropriate. 

2 The rule cannot be applied separately to each of several sets of risky choices 
facing an individual, For example, consider three choices: 


Choice l: Purchase automobile insurance or do not purchase automobile 
insurance, 
Choice 2: Purchase home insurance or do not purchase home insurance. 


Choice 3: Purchase risky shares of stock or put money in riskless bank 
account. 
Decisions such as these are interdependent, as we shall see in the bulk of this book. 
However, the expected-utility rule has normally been applied to each choice as though 
it were independent of others. 


SE 
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3 The third problem is really a composite of the first two. For corporate risk 
management, it may not be possible to consider a utility function for a firm as though 
the firm were an individual. Much of risk management has been developed on the 
simplistic, and possible erroneous, assumption that a firm can be treated as a risk- 
averse individual. However, a firm is a coalition of Interest groups, each having claims 
ón the firm: shareholders, bondholders, managers, employees, customers, agents, ete. 
The decision process must reflect the mechanisms with which these claims are resolved 
and how this resolution affects the value of the firm. Furthermore, the risk-management 
costs facing a firm may be only one of a number of risky prospects affecting the firm's 
owners and other claimholders. The expected-utility rule is not an efficient mechanism 
for modeling the interdependence of these sources of risk. 


We will briefly outline alternative decision rules that can be used for risky choices. 
The first of these rules, the mean variance rule, will occupy a central role in much 
of this book. The second rule, stochastic dominance, is more sophisticated, but is 
presented in sketchy form only because it is more difficult to apply. Some readers 
may choose to skip the stochastic dominance section, and this will not destroy con- 
tinuity. Stochastic dominance uses cumulative probability distributions, so the reader 
who is unfamiliar with this concept may wish to defer or omit this treatment. 


The Mean-Varlance Rule 


The mean in the name given to this rule relates to expected value. Expected value 
already has been used as a simple decision rule. Its drawback is that. it ignores the 
riskiness of the different alternatives, as dramatically illustrated by the St. Petersburg 
paradox. Instead of developing the subtle and indirect treatment of risk implied by 
expected utility, we could instead find a direct. measure of risk and then make our 
choice on the basis of both expected value and risk. 

Consider the alternatives shown in Table 3-2. Assume that people are risk-averse, 
but prefer a higher expected value to a lower expected value, Under such conditions, 
which probably apply to most of us, clearly choice A Is better than choices B, C, or 
D; choice C is better than choice B; and choice D is better than choice B. In each of 
these rankings, the preferred alternative scores higher on at least one of the two criteria, 
but it does not score lower on either criteria. For example, choice A is preferred to 
choice D on expected value, but they score equally on risk, Notice, however, that the 
risk/expected-value rule does not rank all alternatives. Choices C and D cannot be 


TABLE 3-2 
Cholce Risk Expected value 
A Low High 
B High Low 
C High High 
D Low Low 
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Rita Eren PR preferred to choice C on the risk etlietion; but on the basis of 
expected value, choice C has a better result. Thus the ri E i 
ee wak. e risk/expected-value rule will 
In order to make this approach operational, we need 
Dac i to be able to measure risk. 
From reading introductory statistics textbooks, the reader will recall that various mea- 
sures of risk are available. Consider a risky prospect such as | 


$10 — '/ probability 
A = 4$20 —Ó) ' probability 
1 $30 . '/, probability 


The risk is implicit in the spread of possible values, One easy measure is simply the 
range of values, i.e., from $10 to $30. The range is the highest possible value minus 
the lowest possible value. Clearly, this gives some idea of spread, but it ignores 
Pe eee Among the various alternative contenders for a risk measure, the one 
with the most convenient properties is standard deviation (or its squat ari 

Standard deviation o is defined as ud de i 


1⁄2 
g = | Drax Y) xy | 
i 


where P, = probability of outcome X, 
X = expected value, which equals 2;P,X, 
I 


The expected value EV of prospect A is 
EV, = '/,($ 10) + 11,($20) + 115($30) = $20 


and the standard deviation is 


c, = [$10 — $20)? + '/$20 — $20)? + '1,($30 — $20)*]'? 
= 8.165 


The variance is 
gł = 8.165? = 66.67 


This measure will be used extensively in later chapters. For the moment, we will 
simply examine one or two general properties of the mean-variance rule. Consider the 
choices outlined in Table 3-2. We can represent each of these as a probability distri- 
bution, showing the range of possible values on the horizontal axis and the associated 
probabilities on the vertical axis. The four choices are represented in this way in Figure 
3-8. Choices A and D have the same shape or spread, indicating a low level of risk; 


9c 


7 
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Alternative <A Alternative B 






High | Low 


Outcome ($) Outcome ($) 


Alternative C Alternative D 





High Low 


Outcome [$] Outcome ($) 


FIGURE 3-8 


in each case, the possible values are closely clustered around a central value. The 
central, or expected, values of the two distributions are different. The expected value 
of choice A is high, whereas the expected value of choice B is low. Alternatives B 
and C have the same shape, the wide spread indicating high risk. However, whereas 
choice B is centered on a low expected value, choice C centers on a high expected 
value. Comparison of different pairs of these alternatives will confirm the rankings 
we derived earlier, a 

Both the expected-utility rule and the mean-variance rule require the decision maker 
to be able to estimate the possible outcomes and their respective probabilities. Such 
measures are feasible in principle and often in practice. However, this is the only 
input required for the mean-variance rule, in contrast with the expected-utility rule, 
which also requires specification of the utility functions. This operational advantage 
is achieved at some cost, since we find that not all risky choices can be ranked. We 
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derive only a limited ranking that applies to all risk-averse individuals. This rule has 
proved very useful in analyzing investor behavior and, in consequence, in valuing the 
firm. : 


Stochastic Dominance 


Like the mean-variance rule, stochastic dominance describes a decision procedure that 
is applicable for risk averters and does not require specification of the individual utility 
function. As with mean variance, it can rank some, but not all, choices. However, it 
has one particular advantage over mean variance. Expected value and standard devia- 
tion or variance are arbitrary values for the central tendency and riskiness of a prospect. 
Furthermore, they describe only certain features of a prospect. Often a risky prospect 
cannot be represented by a smooth or symmetric curve, such as those shown iri Figure 
3-8, but rather the curve will be irregular and asymmetric. Such features may be 
relevant to an individual's choice, but they are Ignored by the mean-variance rule, 
Stochastic dominance is designed to overcome such problems, although it is more 
difficult to use and may sometimes fail to produce clear rankings, even where mean 
variance succeeds. 

Stochastic dominance is really a set of decision rules that applies to progressively 
more restrictive groups. A full mathematical specification is beyond our scope. How- 
ever, an intuitive understanding is easily presented. 

Consider distributions A and D shown earlier in Figure 3-8. These are represented 
in Figure 3-9 on the same diagram, and immediately below, the respective cumulative 
distributions are presented. The cumulative probability distribution shows the proba- 
bility that any given outcome will be equal to or less than a given value. Examples 
of probability and cumulative probability distributions are developed in Chapter 4, and 
the reader who is unfamiliar with these distributions may wish to defer discussion. 
The preference of A over D is pretty clear. Both have the same shape, indicating the 
same level of risk, but A clearly centers around a higher expected outcome. The 
cumulative probability distributions reveal that distribution A is always equal to or 
below distribution D. In essence, prospect D exhausts "probabilities" at low levels of 
wealth. In prospect A, the probability is allocated at higher wealth levels; thus ‘the 
distribution appears to be shifted to the right. This reveals the first rule for stochastic 
dominance: 


If the cumulative distribution of A is equal to or below that for D for every level of wealth, 
then prospect A dominates (is preferred to) prospect D. š 


This rule is not restricted to those who are averse to risk, but it does apply to all who 
prefer greater wealth to lesser wealth, This probably describes us all, and the rule is 
quite general, 

Now look at the right-hand side of Figure 3-9, Distributions for A and C are extracted 
from Figure 3-8 and are presented on a single graph. The distributions have the same 
expected value, but choice C exhibits considerably more risk. Choice A should be 
preferred to choice C. The appropriate stochastic dominance rule is developed from 
the cumulative distribution. It will be seen that the cumulative distribution for choice 


LC 
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FIGURE 3-9 


i i | d then at higher wealth 
A starts below that for choice C, the distributions intercept, an | 
levels, choice C is lower than choice A. The lower level of risk in choice A is revealed 
by the much steeper slope in the cumulative distribution. This is anticipated in n 
second stochastic dominance rule, which applies only to risk-averse decision makers: 


If the cumulative distributions of A and C intercept one or a greater number of times, A is 
preferred to C if 

E a 

j (COO) — ACO) dx x > O for all x with inequality for some x 


whe 
The application of this rule is a little complex, although in Figure 3-10 we give an 


re C(X) and A(X) are the cumulative distributions for prospects C and A 
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example of how it might apply to a simple risk management problem. If full insurance 
is purchased, the resulting distribution-of wealth for an Individual will exhibit no risk; 
wealth level Wo will be achieved with certainty. An appropriate cumulative distribution 
is shown as / in Figure 3-10. If no insurance Is purchased, wealth will be risky, and 
an appropriate distributiof is shown as N. The distributions intersect just once. Under 
such circumstances, second-degree stochastic dominance will apply if the premium 


for insurance is actuarially fair, The full-insurance distribution is preferred to the no- 


insurance distribution. This is compatible with the Bernoulli principle. 

Our treatment of stochastic dominance is sketchy and will not be developed further, 
The interested reader might consult the literature review provided by Bawa (1982) for 
further applications, including insurance applications. 


PROBLEMS IN INSURANCE MARKETS 
Moral Hazard 


Economic analyses have been used to address the risky choices that often face indi- 
viduals, particularly the risk management choices that are of interest here. However, 
similar analyses have been used to enrich our understanding of how insurance markets 
function. Two unusual and possibly disturbing issues are examined: moral hazard and 
adverse selection. Y 

The term moral hazard is emotionally loaded. This is quite unfortunate, since many 
activities that fall under such a label are neither improper nor illegal. Any ethical 
connotations placed on this term will serve only as a barrier that clouds our under- 
standing of the real issues. | 

Moral hazard relates to the behavioral effect that insurance might have on the level 


FIGURE 3-10 
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of effort or expenditure devoted to loss-reducing activities, If an individual or a 
corporation owns property, the ultimate value of that ownership claim depends on the 
value of the property. The property value might be reduced by the risky events we 
consider here, sach as fires, explosions, etc, The value of individual or corporate 
wealth is similarly affected by claims by employees, agents, and third parties for 
defective products, industrial injuries, and other torts and statutory liabilities. Any 
expenditure allocated to reduce the probability of such loss, or the size of any loss 
that might occur, will benefit the owner and increase the value of his or her ownership 
rights. Thus ownership of a sprinklered building is more valuable than ownership of 
an otherwise identical, unsprinklered building. 

The owner has an incentive to protect his or her ownership rights, and it makes 
sense to undertake those forms of protection which yield benefits in excess of costs. 
To understand moral hazard, it is useful to see how this incentive is affected by the 


purchase of insurance: 


1 The insurance policy transfers the cost of losses from the owner to the insurer, 
Any reduction in this cost will accrue to the insurer, who will thereby derive benefit 
from loss-reduction efforts. With full insurance, the owner will be indifferent as to 
whether the loss occurs or not (unless, of course, there are nonfinancial dimensions 
to the loss that cannot be compensated, such as pain and suffering and sentimental 
value). For the owner, the payoff to any expenditure on loss reduction is reduced 
possibly to zero by the insurance policy. Accordingly, there is a reduced or zero 
incentive for the owner to protect the property or other rights that are insured. The 
transfer of the cost of loss under an insurance policy reduces or removes incentives 
for loss reduction. 

2 This effect may be modified by the pricing structure or the contractual conditions 
of the insurance policy. If the insurer is able to monitor any loss-prevention efforts, 
it may structure the premium to restore loss-reduction incentives. Premium reductions 
may be allowed for installation of preventative devices and better safety practices, and 
premium increases may be included for adverse features. For example, fire insurance 
schedules usually specify premium adjustment for sprinklers, fire alarms, construction 
standards, storage of hazardous materials, etc. Even if the insurer cannot directly 
observe safety practices, it may indirectly reward good practice by calculating future 
premiums with respect to past loss records. Experience rating and retroactive rating 
have this effect. 

3 Much the same effects can be achieved by imposing conditions in the insurance 
policy that make insurance coverage conditional on certain safety practices. Possibly 
this practice is less flexible than direct premium adjustment, The incorporation of both 
policy conditions and premium adjustments will serve to restore incentives for loss 
reduction that had been removed by the transfer of loss costs under the insurance 


policy. 

The problem of moral hazard arises from an inequality in the information on loss 
reduction available to the insured and insurer. An insurer may be able to observe 
whether a building is sprinklered and the combustibility of the materials used in its 
construction, but it may not be possible to observe the standards of housekeeping and 
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everyday work practices that may give rise to fire, explosion, and other hazards. Those 
practices which cannot be observed cannot be controlled by the insurer by pricing 
incentives or by policy conditions. The essential problem for the insurer is that it may 
not be able to charge the correct premium. As a consequence, insurers may be reluctant 
to offer insurance protection when they suspect moral hazard will be a problem 
Moral hazard has other dimensions, however. From the risk manager's viewpoint 

moral hazard is simply rational economic behavior. This is not to say that risk managers 
should be sloppy about safety practices or try to deceive the insurer about loss ex- 
pectancy. Rather it is simply an assertion that the rational risk manager would take 


account of any premium incentives in constructing a loss-prevention program. For 


example, in deciding on the type and form of fire prevention for a building, the premium 
savings offered by an insurer may represent a major part of the expected benefit to 
the insured. If the insurer does not offer substantial premium reductions, the effect 


may be to kill the fire safety program, even though such a program might well have . 


been undertaken without insurance. 

I Much attention has been given in insurance literature to the adverse effects that 
insurance may have on the allocation of resources for loss reduction and preventative 
activities. The role of premium incentives has received relatively little attention. If 
premiums are sensitive to changes in the expected value of loss, they will serve the 
valuable purpose of conveying information to the insured on the effectiveness of 
different forms of loss reduction. Insurers essentially serve as a clearing house for 
loss-reduction information. By classifying loss data according to the identifiable fea- 
tures of different risks, insurers may compile information on the contributions of those 
features to the expected value of loss. This information may then be reflected in 
premium differentials, thereby providing information to the insured on the effectiveness 
of different forms of loss prevention. Several features of insurance market lend support 
to the view that insurers disseminate appropriate safety information: 


1 Competition in insurance markets tends to lead to premium structures that ade- 
quately discriminate among risks according to loss expectancies. 
2 Insurers often pool information to refine their data base. 
3 Regulation of insurance markets usually aims toward supporting the concept of 
fair discrimination. l 
f 4 Insurers typically employ technical experts to survey risks in order to convey 
information to underwriters and to insureds. 


If markets are reasonably efficient in disseminating loss-prevention information 
then it would seem prudent for risk managers to look to the conditions of insurance 
protection to guide them in loss-prevention decisions. What may be labeled moral. 
hazard may sometimes lead to an efficient allocation of loss-reduction resources. — 


Adverse Selectlon 


- Like. moral hazard, adverse selection may have the effect of reducing the supply of 


insurance services. Furthermore, it may prevent the insurance market from reaching 
a set of stable equilibrium prices. Adverse selection plays an important role in the 
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functioning of insurance markets, and an introductory understanding is useful for risk 
managers. 

Both adverse selection and moral hazard arise from information asymmetry between 
the insurer and Insured. Consider an insurer that writes a portfolio of policies. Insureds 
may be grouped into two classes: those with a high expected value of loss and those 
with low loss expectancy. If the insurer can distinguish instireds according to their 
respective loss characteristics, each can be charged a premium that reflects his or her 
expected value of loss. Thus insurers may use observable characteristics, such as 
automobile type, location, or age, to distinguish different risk groups of automobile 
` policies. However, the insurer cannot always separate risk groups and will be forced, 

by lack of information, to charge the same premium. This results in an effective 
subsidy from low-risk insureds to high-risk insureds, The effects of this subsidy may 
destabilize the insurance market and reduce underwriting capacity, as shown below. 

In Figure 3-11 we consider a portfolio of two groups of insureds: high risk and 
low risk. Each insured starts with a wealth level of $125, but a loss (total loss only) 
may reduce the wealth to $25. The groups differ in the probability of such a loss. For 
the high-risk group, the probability of loss is 0.75, resulting in an expected value of 
loss of $75. For the low-risk group, the probability loss is 0.25, resulting in an expected 
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loss of $25. If the insurer can distingulsh between the two groups, respective com- 
petitive premiums of $75 and $25 may be charged (ignoring transaction costs). With 
premiums set at the expected value of loss for each insured, the Bernoulli principle 
asserts that each would fully insure, Thus, for the low-risk group, the utility of insuring 
and having wealth of $100 with certainty, that is, U($100), is higher than the expected 
utility of not insuring EU,. Thus, 


- U($100) > EU, = 0.75U($125) + 0.250U($25) 
and for the high-risk group, 


U($50) > EU, = 0.25U($125) + 0.75U($25) 


The respective positions are shown on the vertical axis of Figure 3-11. 


Now suppose that the insurer is unable to distinguish between high- and low-risk 
insureds, If there are equal numbers in each group, the breakeven premium will be 


$50. However, at this premium we see that the low-risk group will not insure because 


the utility of not insuring EU, is greater than the utility of insuring and having a wealth 
level of $75 for certain, that is, 


EL, > U($75) 


Conversely, the high-risk group will find insurance to be a bargain and will rationally 
choose to insure, that is, 


Thus the portfolio composition will change as low-risk insureds cancel their policies, 
leaving a portfolio of high-risk insureds (each having an expected cost of $75) and an 
inadequate premium. 

In practice, the process will be somewhat smoother. There may be several risk 
groups, and coverage may be arranged on a partial basis. The insurer that averages 
premiums over a number of risk groups will find that it tends to lose the good risks 
as they cancel or reduce their coverage. The resulting change in the composition of 
the portfolio will cause the average premium to be inadequate, forcing the insurer to 
raise the premium, This serves merely to aggravate the flight of Jow-risk insureds, 
and so the process continues until only bad risks are left. This process is usually 
attributed to information deficiency on the part of the insurer, but the same effect may 
result from regulation designed to prevent insurers from using classification variables 
that are politically sensitive, such as sex or race, Indeed, one of the rare pieces of 
empirical evidence documenting this process relates to regulation-induced adverse 
selection (see Dahlby, 1983). 

Competition between insurers may help reduce problems of adverse selection. 
Information on loss expectancles of individual insureds is of economic value to an 
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insurer. Armed with such information, an insurer can selectively attract low-risk in- 
sureds from a rival insurer that is unable to discriminate simply by offering a lower 
price and admitting only low-risk insureds. Thus competition will induce insurers to 
seek and compile information that will enable them to operate premium structures that 
adequately discriminate between risk groups. Of course, information will never be 
perfect, and adverse selection will never disappear. But in an actively competitive 
market, adverse selection will be reduced to a level that is compatible with the costs 


of information. 


SUMMARY AND CONCLUSION 


The task of this chapter has been to present decision rules that can be used to rank 
competing risky choices. From these rules we have derived a set of preliminary risk- 
management strategies for individuals that will help focus our thoughts when we tackle 
the more complex corporate risk-management decisions. 

The simplest decision rule considered is to choose that alternative which has the 
highest expected value. There is some long-run virtue in this rule, Its repeated use in 
many separate decisions will ultimately lead to wealth maximization. However, the 
rule fails to account for differences in the riskiness of competing prospects, as dra- 
matically illustrated by Bernoulli's St. Petersburg paradox. 

The expected-utility rule requires that the decision maker select that prospect with 
the highest expected utility. Under this rule, the possible outcomes are weighted 
according to their respective probabilities and according to the utility scale of the 
decision maker. The substitution of outcomes measured in utility terms for money 
outcomes ensures that individual risk preferences can be impressed on the decision 
process. This rule has been widely used in the economics literature, and it is used 
here to compare some simple risk-management choices. 

The expected-utility rule can be used in conjunction with the assumption of aversion 
to risk to reveal a propensity to insure at fair prices (premiums are equal to the expected 
value of loss) or even at unfair prices. There is an equivalent aversion to gambling. 
This is not to assert that people will never gamble and will always insure, for both 
activities can be priced to encourage or deter demand. Under realistic pricing as- 
sumptions, partial-insurance solutions often appear more attractive than "all or nothing" 
attitudes toward insurance purchase. For insureds, deductibles appear to provide a 
more attractive mechanism for risk sharing than other devices, such as coinsurance or 
policy limits. i 

Despite its generality, the expected-utility rule does have the serious shortcoming 
that it requires the decision maker to specify his or her utility function. Thus while 
the rule establishes generalized patterns of behavior that are useful in guiding individual 
decisions, it lacks operational value for corporate risk-management purposes. An 
alternative is to use mean and variance to characterize risky prospects. This approach 
is introduced and will be used extensively in later chapters. | 

To set the background for later analysis, the economic concepts introduced in this 
chapter were used to illustrate two important issues that arise in Insurance markets 
and which constrain the supply of insurance services. Moral hazard refers to the 
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pli incentives that insurance may convey to the insured to reduce the prospect of 
iiie The problem may be severe if the insurer is unable to monitor the insured's 
ehavior. Similar information problems may lead to adverse selection. If the insurer 


. is unable to correctly discriminate between insureds in its pricing structure, it will 


effectively subsidize the higher risks. This will lead to disproportionately high demand 
from high-risk groups, causing a deterioration in the risk composition of the insurer's 
portfolio and escalating loss experience. The prospect of adverse selection again acts 
as à constraint on insurance supply or capacity. 


We will turn our attention in the ensuing chapters to the identification and mea- 
surement of those risks which form the subject matter of risk management. 


QUESTIONS 


| Consider the following game. Peter is to turn over one card from a deck. If the card ls a face 
card (ace, jack, queen, or king), Peter will win $100. If any other card is selected, Peter will 
win nothing. To play this game, Peter must pay an entry price of $25 à; | 
a What is the expected value of the game | 
b If Peter's utility function is 
U = wes 


where U = utility and W = wealth, should Peter enter the ? eler' 
e oben co | game? Assume Peter's starting 
2 Construct utility diagrams to display the following: 
a A tisk averter will insure when faced with an actuarially fair insurance premium. 
b The risk premium (the difference between the Insurance premium that a risk averse person 
is willing to pay and the expected value of the loss). 
c A risk preferrer will choose to gamble when the expec i 
eo e expected value of the gamble is equal to 
d A person who may rationally choose to gamble and in 
| : | sure when he k | iliti 
3 Donne faces the following loss distribution: i wau 








Lose Probability 
$ 250 0.4 
500 0.4 
1,000 0.2 





_ An insurance policy can be purchased that 
a has a $250 deductible for a premium of $300, 
b covers 50% of all losses for a premium of $350. 
c fully covers all losses for a premium of $550, 
Donne's initial wealth is $2000 and his utility can be described by the function 


U = log W 


where W is final wealth. Which, if any, policy should Donne purchase? 
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CHAPTER 12 
DIVERSIFICATION AND INSURANCE 


Chapter 5 examined why individuals might wish to purchase insurance. 
People are exposed to risk of financial loss. Such losses may arise if they 
crash their cars, if their houses burn down, if they lose their jobs, if they 
lose their wallets, if they are burgled or if they are sued for negligent 
behaviour. The financial uncertainty from such events is undesirable; people 
are usually "risk averse". Consequently, they are often willing to substitute 
the certain payment of an insurance premium for an uncertain financial loss. 
In this description, the risk facing the individual is unacceptable and is 
sold to the insurance firm for an appropriate premium. 


Now look at the transaction from the viewpoint of the insurance firm. The 
insurance firm has chosen to accept risk. It receives a certain premium and 
faces a very risky prospect of paying for any future losses that may arise. 
Moreover, the insurance firm has accepted such risks from a large number of 
policyholders. Why is it that the risk that is unacceptable to the individual 
is perfectly acceptable to the insurance firm? Why is it that, in selling a 
large number of policies, the insurer is not swamped with risk? 


This chapter will show how the insurance firm controls and diversifies 
risk. When risky cash flows are combined together in a portfolio, the risks 
do not “add up"; the total risk is less than the sum of the parts. Under 
ideal circumstances, the insurer may be able to predict with a high degree of 
reliability, how much it must pay in total claims to its policyholders. In 
these circumstances, the risk has all but disappeared for the insurer. This 
process is known as DIVERSIFICATION or RISK POOLING. Just how diversification 
works is the subject of this chapter. 


COMMON EXAMPLES OF DIVERSIFICATION 


Examples of diversification arise in many aspects of life and we probably 
take most for granted. 


(a) Consider alternative college grading methods. In most courses, students 
are assessed, not with a single examination, but with a combination 
of exams, tests, assignments and the like. If there were a single 
examination, would this truly reflect the ability of the student? 
Without intending to settle the score, critics of the Single exan, 
often suggest that is not a good testing method since the student 
may have a unusually good (or bad) day, or the limited number of 
questions does not test the breadth of knowledge of the student. If 
there are many tests and exams, the argument goes, the student will 
have some days in which he does not perform up to his ability and 
some inspired days. These will tend to cancel out, or average out, 
and leave a final grade that is representative of ability. 
Averaging over the semester, it is claimed, is a truer test of 
ability. | m | 


From the student's viewpoint, the single exam is more risky since 
the grade reflects the "performance on the day". This risk is 


WHARTON REPKOGRAPHICS AD 


3434 


(b) 


(c) 


reduced by spreading the grade over various tests and assignments. 
The student does not have "all his eggs in one basket". 


This argument is not intended to settle the score against the single 
examination. Proponents often claim that it helps test the student's 
ability to integrate all the material from the course. Further, life 


itself is full of "one shot" chances and the single exam simply reflects 
this. 


In much the same vein, consider the difference between sports 
competitions that are organized on a "knockout" basis and those 
organized on a "league" basis. To focus more closely, consider the 
Stanley cup playoffs in ice hockey. The final two teams play up .to 


seven games. If a team wins four games, it wins the cup. Why seven games, 
why not one game? 


If the cup were decided one one single game between the final teams 
(presumably at some neutral location) the losing team could argue they 
were simply unlucky; they happened to have a bad day and all the "breaks" 
went against them. Though they would not vocalize such thoughts, the 
winners might quietly contemplate that fortune was vith them; everything 
just happened to come out right on the day. 


Spreading the issue over seven games helps to diminish the effects of 
pure luck on the outcome. Over seven games, each team may have the odd 
lucky win, or unlucky loss, but the underlying ability of the teams 


should show through in the.end. The seven game series has spread the 
Fisk. 


An investor often will hold a portfolio of assets rather than placing 
all of his capital in a single stock/bond/painting/etc. If all capital 
is invested in a single asset, the investor is vunerable to movements 
in its price. For example, many stock prices are quite volatile. If the 
stock price happens ro rise after it is purchased, the investor will 
secure a capital gain which is fine and de>dy. But if the price happens 
to fall, the investor will suffer a loss « capital. Given the 
volatility of stock prices, the capital gain or loss could be quite 
large. Such an investment is very risky. 


Now, if the investor spreads his capital over a number of financial 
assets, e.g. a number of stocks, the risk will be reduced. Some stocks 
may bring capital gains since their prices rise. But it is probable that 
others will bring capital losses through falling prices. Over a large 
portfolio, these gains and losses may tend to offset each other thus 
stabilising the investment performance. Holding a portfolio avoids the 
risk of unusual price movements from holding single assets. The portfolio 
approach spreads the risk. Thus as the portfolio includes more and more 
securities, the actual rate of return achieved by the investor should be 
closes and closer to its expected value (i.e. there would be smaller and 
smaller risk of abnormally good or abnormally bad investment results). 


This idea was introduced in Chapter 9 when considering the pricing of | 
capital assets. However, there it was suggested that such diversification 
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works best when asset prices tend to move independently of each other. 
If all asset prices rose or fell together, then it is clear that the 
portfolio investment strategy would not benefit by offsetting capital 
losses on some stocks with capital gains on others. Common movement 
of stock prices implies that all stocks in the portfolio would bring 
capital gains or all would bring capital losses. Thus the success of 
diversification depends on the COVARIANCE, or common movement, between 
the prices of-stocks in the portfolio. 


(d) It is often useful to know certain characteristics of a population such 
as political attitudes, economic or physical characteristics. Suppose, 
for example, that we wished to kmow the average height of American 
females. We could only truely know the answer by measuring the height 
of every American female and dividing by the number involved. Such a 
survey is a daunting prospect. Alternatively, we might choose to take 
sample of American females and estimate the average height in the 


population as the average height in the sample. How many should we 
include in the sample? 


One possibility is to sample one person, chosen at random, and to use 
the height of that one person as an estimate of the average height in 
the population. The danger is self evident. There is reasonable chance 
-that the person selected might be significantly smaller, or 
significantly taller than average. Thus there is a good chance we could 
be significantly off the mark. To guard against such mis-estimation, 

a larger sample may be chosen. If we chose 100 people at random, there 
may be some unusually small people, but there will also be some unusually 
tall people in the sample. These will cancel each other out when taking 
the average height in the sample and, hopefully, the average height in 
the sample will be fairly close to the true average height of the 
population. By increasing the sample size, the danger of mis-estimation 
has been reduced. The risk has been diversified. The risk of 
mis-estimation might be reduced even further by taking a larger sample. 


In each of these examples, the idea of AVERAGING was important. 


In the college grades example, the basic idea was that the AVERAGE grade on 


the tests, assignments and exams would reflect the expected ability of the 
student. 


In the Stanley Cup the AVERAGING over seven games provided a “result per 
game played" that more closely reflected the abilities of the teams. 


In the investment example, the usual measure of how well a portfolio performs 
is the rate of return. This is the dollar value of money earned in the | 
portfolio divided by the amount of capital invested; i.e. the AVERAGE dollar 
return per dollar. invested. 


In the sampling example, the priniple was that the AVERAGE height in the 
sample provider a closer estimate of the true population height, the larger 
the size of the sample. 
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In each case, the basic idea of diversification was that as the numer of 
EVENTS (tests, hockey games, securities in the portfolio, or people in the 
sample) increased, so the average result provided a better reflection of the 
underlying (or expected) value 


A SIMPLE ILLUSTRATION OF DIVERSIFICATION 


The process of diversification illustrated in the previous examples can be 
examined by setting up simple. gambles. Perhaps the simplest of all gambles 
rests on the toss of a coin. There are only two possible outcomes, heads and 
tails. In addition, the odds are known in advance: there is a fifty percent 
chance of heads and a fifty percent chance of tails. To make the gamble 
interesting, we will place money on the outcome; heads, you win $10 and tails 


you lose $10. There is no bias in this gamble, you are just as likely to win 
as lose. The expected value is; 


Expected Value = (0.5)($10) + (0.5)(-$10) 
= $0 


If the coin is flipped just once, there are two possible outcomes. You 
may win $10 or you may lose $10. Even though the expected value is zero, 
there is no way you can achieve this outcome with just one toss of the coin. 
But now suppose that you toss the coin twice, with the $10 stake resting on 
each toss. The possible outcomes are as follows; 


: TABLE 1 
First Toss Second Toss You Win Average Probability 
Win per toss 


H H $20 ` $10 1/4 
H T $0 $ 0 . 1/4 
T H $0 $ 0 1/4 
T T -$20 -$10 1/4 


A 


Note; H = heads, T = tails 


With the two tosses it is possible to break even. Either of the sequences 
"heads followed by tails" or "tails followed by heads" will result in a zero 
profit. But in addition, it is possible that you may win $20 in total or lose 
$20. There is a wider range of outcomes than with the Single toss.. It is 
useful to consider these outcomes on an averaged basis. This is achieved by 
dividing the total win or loss by the number of tosses. This column shows 
that the average win per toss may vary between $10 and -$10 but there is a 
fifty percent chance that it will be zero. 


, As with the illustrations given in the previous section, our concern here 
is with what happens to this AVERAGE outcome as the number of tosses (or 


events) increases. It is expected that the average outcome will become closer 
to the expected value as the number of tosses increases. 


A simple experiment will reveal whether this does occur or not. A coin . 
was tossed once and the result is shown in the first column of Table 2. The 
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result was Heads. On the same rules as the previous gamble, you win $10 with 
a Head. Thus averaging, you win gives $10 as shown in the final column. Then 
the coin was tossed twice. As luck would have it, there were two heads. The 
total win was therefore $20 which averages at $10 per toss as shown in the 
last column of the second row. The coin was tossed three times and the 
results are recorded in the third row. The coin was then tosses four times, 
five times and so on up to a sequence of twenty tosses. Now, for each 
sequence of tosses the EXPECTED VALUE of the average win per toss should be 
zero. We should find that the average value from the experiment gets closer 


to the expected value of zero as the number of tosses in the sequence 
increases. | 





TABLE 2 
Hof Hof # of | Average 

Actual Sequence Tosses Heads Tails Win per toss 

$ 
H 1 1 0 10 
HH 2 2 0 .10 
TII 3 0 3 -10 
HTHH 4 3 1 5 
THTHT 3 2 3 - 2 
‘THHTTH 6 3 3 0 
THHTHTH 7 4 3 1.4 
THHTHHHH 8 6 2 5 
TIHITITHT 9 2 7 - 3.6 
TTITTHETTTH 10 3 7 - 4 
HTHTTHHHTTH . li 6 5 0.9 
HTHITTTHTTHH 12 5 7 - Lil 
HHHHTHHTHTTIT 13 Fi 6 0.8 
-TTHHITHHHHTITI 14 6 8 - 1.4 
HHTHHHHTHHTTTIT 15 3 7 0.7 
TITIHIHHITHTHTIH 16 6 10 es iut 
HHTHHITTITITHIHIHH 17 8 9 - 0.6 
THIHHHTHHTTTHHTHTT 18 9 9 -0 
THIHITHTHTTHHHTTHTT 19 8 11 - 1.6 
HTHHTIIIHIHHHTHHHTTITH 20 11 9 1 

Total 2100) (100... ELO - 0.476 





The results of Table 2 do not fall into a perfect pattern. But 
neverthess, there does seem to be some pattern. 


With a small sequence of tosses, e.g. between 1 and 5, there seems to be a 
good chance that the average win per toss will be far from the expected 
value of zero. The actual results were (10, 10. -10, 5 and 2). 


With a larger sequence, e.g between 6 and 10 tosses, there appears to be a 
smaller chance that the average will differ so widely from zero 
(0, 1.4, 5, -5.6 and -4). 


- 5 - 
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With a larger sequence still, e.g. between 11 and 15 tosses, the numbers 
appear to be grouped even close to zero (0.9, -1.7, 0.8, -1.4 and 0.7). 


With an even larger sequence, e.g. the numbers, should be even more 
closely clustered about zero, (2.5, 0.6, 0, -1.6 and 1). In fact, we 
were thrown out a little by the effects of chance. The sequence of 
16 was a little unkind by yielding too many heads. 


Experiments such as these are somewhat vunerable. to chance. The problem 
was that we only repeated each sequence just once. This is particularly 
troublesome for the small sequences. For example, consider that a sequence of 
two tosses were thrown followed by a sequence of four tosses. It is quite 
possible that the two toss sequence actually produced a head and a tail 
resulting in an average win of zero. In contrast, the four toss sequence 
could have turned up four heads resulting in an average win of $10. Such 
results would not help confirm the pattern of diversification. To get by the 
capricious effects of chance, so called RANDOM NOISE, we can make the 
experiment a little more sophisticated. 


Now consider that the experiment shown in Table 2 is repeated, say 25 
times. Thus there are; 


25 sequences of one toss 
25 sequences of two tosses 
25 sequences of three tosses 


ete 
25 sequences of 20 tosses 


The average win per toss, for say ‘two toss sequences’ will vary. 
Sometimes, the average may be $10, sometimes -$10, and sometimes zero. And 
similarly for each other sequence size, there will be 25 such averages. Table 
3 plots out the whole set of results, comprising some 25 times 20 = 500 such 
averages. Thus column 1 of Table 3 is comparable to the final column of Table 
2. It shows the average win per toss for games with 1, 2 3.... to 25 tosses 
per game. Of course the results are different because the coin landed 
differently. Each of the next 24 columns shows a similar set of results. The 
average win per toss is very variable for games in which the coin is tossed 
just one. This variation is seen in the first row and is measured by the 
Standard deviation of 9.6. But when the games comprise a large number of 
tosses, e.g. the winnings are averaged over 20 tosses, the average win per 
toss is predictably close to zero. This is shown in the bottom row where the 


result of each game of 25 tosses is quite close to zero. Th standard 
deviation of these results is as 1.49. 


Figure 1 summarizes the results of Table 3. The standard deviations and 
means of the average win per toss are shown. The values graphed are those in 
the last two columns of Table 3. The means of the various games are all quite 
close to zero reflected that the expected win from any game is zero. The 
standard deviation of the respective games fall dramatically as the number of 


‘tosses in the game is increased. In fact, the standard deviation is 


converging on zero. If we played a game in which a coin was tossed, say one 
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million times, the expected win per toss would still be zero, but the standard 
deviation of the win per toss would be but a hair's breadth from zero also. 


An insurance pool is not too different from a casino. The casino repeats 
many bets with its customers. As shown in the previous section, its overall 
outcome is quite predictable when averaged over the large number of bets. The 
standard deviation of the average win per bet becomes smaller as the number of 
bets grows larger. In one sense, e insurance company makes a large number 
of "bets" with its policyholders. The same process of diversification 
implies that the insurance firm also will find that its average loss payment 
per policy becomes more predictable as the number of policies is increased. 

It will be seen that this is indeed the case if the right conditions are met. 
In the gambling analogy, successive tosses of a coin were unrelated or 
independent events. If insurance losses are independent events, then 
diversification works very well. But if insured losses are related or, more 
technically there is CORRELATION or COVARIANCE, the ability of the insurance 
company to diversify its risk is hampered. 


As we proceed witli this section we will be making further use of 
statistical concepts. These concepts, the expected value, variance, standard 
deviation and covariance have been used earlier. If you are still a little 
unsure about these ideas, it will be of advantage to review the statistical 
appendix at the end of the book before continuing with this chapter. These 


concepts will now be used to look at the expected value and risk of a 
portfolio. 


MEASURING THE EXPECTED VALUE AND RISK OF A PORTFOLIO 
a). Defining a Portfolio: A Sum of Random Variable 


& portfolio is a combination of risky outcomes. The Casino has a 
portfolio of bets and its owners are interested in the overall money outcome 
from its operations. Thus they will add or average the wins and losses to 
derive an overall measure of the performance of their operation. The 
averaging iocusses attention away from individual bets. Thus the owners 
should not be unduly concerned if the occasional customer records a big win. 
In fact the prospect of a big win is probably necessary to attract a 
clientele. If the casino is well diversified, the losses to some customers 
will be more than covered by the gains from less fortunate "punters". 


Án investor may well hold a portfolio of financial securities such as 
stocks or bonds. The purpose, as we have seen earlier, is to average out any 
unusually bad performance on some securities with unusually good performance 
on others. The investors main focus of attention is on hov well the portfolio 


as a whole performs. What rate of return is achieved per dollar of capital 
invested. 


In both of these examples, a proper measure of success requires that 
individual outcomes be combined to give a measure of the overall performance 
of the portfolio. First, we will consider the expected value of a portfolio. 


b). The ected Value of a Portfolio 
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Consider a very NL ME portfolio. You roll a die twice with the following 
prizes. 


Die Turns Up: Prize 
E $1 
2 $2 
3. $3 
4 S4 
5 $5 
6 $6 


For each roll, the expected value of the prize, E(X), is simply calculated; 
E(X) = (1/6)($1) + (1/6)($2) + (1/6)($3) + (1/6)($4) + $1/6)($5) + (1/6) ($6) 
53.5 


But you have two rolls of the die. The a outcome or total prize, 
E(Total), now is simply; 


E(Total) = E(X) + E(X) 
= (2)[ECO] 
= $7 
If there are "m" rolls of the die, the solution is simply generalised to; 
E(Total) = (n)E(X) | | (12.1) 
The earlier examples concentrated on the AVERAGE outcome per Wt n 


e.g. the average win per toss. The formula for the average win is obtained 
by dividing equation 12.1 by the number of rolls of the die, n; 


E(Average Win) = [G)EQ0] fa = E(X) | (12.2) 


The same basic ideas may be used to find the expected value of a portfolio 
when the individual components do not have the same expected value. Supppose 
that your gambling portfolio comprised 


1. A roll of the die with the above prizes .i.e the dollar prize equals 
the number turned up on the die 


2. The toss of a coin with $10 for heads and -$10 for tails 
3. The selection of one card from a pack with the prize of $26 if the "X 
is a face card (King, Queen, Jack or Ace) and zero otherwise. 


Ihe respective expected values are; 


E e 


83 
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RE) age aa mu 
E(P,) = $0 | 
E(P,) = $8. | (i.e. (16/52)($26) ) 


The expected total value of the portfolio is: 


EL, *X,*X) = EG) + EL) + EL) 
| = $3.5 + $0 + $8 
= $11.5 


A general formula for the total value is given together with a formula 
for the average win per event, each event being identified by the 


subscript "j"; 3 
E(EX) = ZE(X_) | | | 
j 2 f (12.3) 
= (n)E(X) . if the events have identical expected values (12.4) 
and 7 


E(ZX/n) 
- (XE) Ma | ; | EET 

j >? | (12.5) 

= E(X) if the events have identical expected values (12.6) 


(c). Measuring the Risk of a Portfolio 
The general formula for measuring the standard deviation is; 


v = [EKZ - Ea»? 1172, 
i” (12.6) 
With the rolling of the die, the expected standard deviation is: 


= 


s» (1/6)(1 - 3.5)* + (1/6)(2 - 3.5? + aye - 5% 


\ + (1/6)(5 - 3.5)? + (1/6)(5 - 3.5)? + (1/6) (6 - 3.5)?. 


= $4.18 ` 


‘But the present task is to calculate the standard deviation of the 
portfolio. Suppose, for example, the portfolio is Simply the two rolls of the 
die. The risk of the portfolio , Will depend on the risk of each event. But 


it will also depend on the interaction, or COVARIANCE between the events. In 
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fact, the outcome of each roll of the die, is independent. If the first roll 
turns up, say six, there is no more, or no less likelihood that the second 
roll will turn up a six. Similarly, if you were to toss a coin five 
successive times and, by chance, gets five heads. The chances of getting a 
head on the sixth toss is still fifty percent. Coims and dies have no memory, 
they do not recall the results of previous events. Thus events such as 
rolling a die and tossing a coin are said to be INDEPENDENT; i.e. the 
COVARIANCE IS ZERO. This is not true of all events as we shall see later. 
But for the meantime, consider the risk in rolling a die twice. The standard 
deviation is the sum of the standard deviations from each event plus twice the 
covariance (which happems to be zero): 


AL +X) = Lo") «o^ + 2 come X.) 1%. 


(12.8) 
Which, in the present example gives the answer | 
AX, +X) = [$4.18^ + (i18 e 309)] V o a D o " 
- $5.91 | 
And the standard deviation of the average win is; 
eic * X,)/2) = [GG + Z,] 
mu | (2.9) 


= Í e^. + < + 2 COV (X, ;X,) PA, 
2 


Thus the rolling of the die twice produces a standard deviation averaged 
per event of; 


ARM = [4.18% + 4.18% + 2(0)] 7. 
OS: — = 


= 2.956 


Equation 12.8 cam be extended to portfolios that have, mot two, Dbut marry 
individual events. The general formula is a little strange since it has a 
double summation sign for the covariances. We will explain this presently; 


c(ZX) = [Zo + E E COV(XiXj) qa, 
i i i=j | (12.10) 


And, the standard devation for the averaged result is 


«X6 - 
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c(ZX/n) = o (=X) 
n 
^ + zzcwqux» 7. 
i=; 


— ee ee eee 


= (Zo, 
L 


Pu 








(12.11) 


What does equation 12.10 instruct us to do. It simply tells us to add up 
every variance and every combination of covariances. The first summation sign 
on the right side of equation 12.10 simply instructs that the variances be 
added, The second, double summation sign tells us that we should add all 
combinations of covariances between the events. The trick in using this 
formula is in knowing how many variances and covariances to look for. Perhaps 


the easiest way to see how many variances and covariances there may be is fron 


the following Figure 12.2. Suppose that there are seven items-in the 
portfolio. This means that there are seven variances. The V’s in the 
diagonal of the matrix represent the seven variances. But now we have to 


consider every possible covariance. For example, we have the covariances 
between; 


event 1 and event 2 
event 1 and event 3 
event 1 and event 4 


event / and event 4 
event / and event 5 
event 7 and event 6 


Each of the squares in the matrix represents one such covariance. For 


example, the square marked with an "X" represents the covariance between item 
4 and item 6. | | 
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In all the seven by seven matrix has 49 cells; seven of these represent 
variances and the remaining 42 represent covariances.  Now' suppose that there 
had been 9 items in the portfolio. There would have been a 9 times 9 matrix 
with 81 elements. Of these, 9 would represent variances and the remaining 72 
would represent covariances. In general, with "n" items in the portfolio, 
there are n variances and n(n-1) covariances re resenting a total of n times n 


items to be included in equation 12.10. 





To illustrate the formulas, consider the earlier game of coin tossing. 
With a win of $10 or -$10 for a head or tail, the expected win and standard 
deviation for a single toss are; 


EQ) = 0.5($10) + 0.5(-$10) 
| zi 
c(X) = [ 0.5($10 - $0)? + 0.s(-s10 - so)? 1172. 
= $10 
Now, consider a game in which the coin is tossed 20 times. What is the 


expected win averaged per toss and the standard deviation of the win per 
toss? From equations 12.2 and 12. 11 


E(EX/n) = $0 : | (12.2) 


s(ZX/n) “= [(20)10* + (20) (19) (0172. 
M — 20 Lc CMS E 


- 2.24 


(12.11) 
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Risk Analysis 
and Management 
Inadequate approaches to handling risks 


may result in bad policy. Fortunately, 
rational techniques for assessment now exist 


er lives today than at any time i 
A their history. Yet they i pré. 
occupied with risks to health, safety and 
the environment. Many advocates, such 
as industry representatives promoting 
popular technology or Environmental 
-Otection Agency staffers defending its 
regulatory agenda, argue that the public 
has a bad sense of perspective. Ameri- 
cans, they say, demand that enormous 
efforts be directed at small but scary- 
sounding risks while virtually ignoring 
larger, more commonplace ones. 
Other evidence, however, suggests that 


A mericans live longer and healthi- 


spread shifts toward low-fat, high-fiber 
diets, dramatic improvements in auto- 
mobile safety and the passage of man- 
datory seat belt laws—all steps that re- 
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by M. Granger Morgan 


duce the d j 
a oe of untimely demise at 

My experience and that of - 
leagues indicate that the oboe 2 be 
very sensible about risk when compa- 
nies, regulators and other institutions 
give it the opportunity. Laypeople have 
different, broader definitions of risk, 
which in respects can be more 
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evaluating dangers to the general wel- 
fare; they will also have to adopt new 
communication styles and learn from 
the populace rather than simply trying 
to force information on it. 


hile public trust ín risk manage- 

ment has declined, ironically 

the discipline of risk analysis 
has matured. It is now possible to ex- 
amine potential hazards in a rigorous, 
quantitative fashion and thus to give 
people and their representatives facts 
on which to base essential personal and 
political decisions. 

Risk analysts start by dividing haz- 
ards into two parts: exposure and effect. 
Exposure studies look at the ways in 
which a person (or, say, an ecosystem 
or a piece of art) might be subjected to 
change; effects studies examine what 
may happen once that exposure has 
manifested itself. Investigating the risks 
of lead for inner-city children, for ex- 
ample, might start with exposure stud- 
ies to learn how old, flaking house paint 
releases lead into the environment and 


how children build up the substance in 
their bodies by inhaling dust or ingest- 
ing dirt. Effects studies might then at- 
tempt to determine the reduction in aca- 
demic performance attributable to spe- 
cific amounts of lead in the blood. 
Exposure to a pollutant or other haz- 
ard may cause a complex chain of events 
leading to one of a number of effects, 
but analysts have found that the over- 
all result can be modeled by a-function 
that assigns a single number to any giv- 
en exposure level. A simple, linear rela- 
tion, for instance, accurately describes 
the average cancer risk incurred by 
smokers: 10 cigarettes a day generally 
increase the chance of contracting lung 
cancer by a factor of 25; 20 cigarettes a 
day increase it by a factor of 50. For 
other risks, however, a simple dose-re- 
sponse function is not appropriate, and 
more complex models must be used. 
Ihe study of exposure and effects is 
fraught with uncertainty. Indeed, uncer- 


tainty is at the heart of the definition ` 


of risk. In many cases, the risk may be 
well understood in a statistical sense 
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but still be uncertain at the level of in- 
dividual events, : 3 
cannot predict whether any sin e driv- 
er will be killed or injured fo an S 

even though they can estimate the an. 


ing new technologies or those in which 
bad outcomes occur only rarely, uncer- 


good actuarial data are not available, 
analysts fnust find other methods to 
estimate the likelihood of exposure and 
subsequent effects. The development of 
risk assessment during the past two de- 
cades has been in large part the story 
of finding ways to determine the extent 
of risks that have little precedent. 

In one common technique, failure 
mode and effect analysis, workers try to 
identify all the events that might help 
cause a system to break down. Then 
they compile as complete a description 
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RISK MANAGEMENT PROCESS begins with analysis of the 
people and other entities exposed to change, such as in this 
illustration, from emissions from a coal-burning power plant 


as possible of the routes by which those 
events could lead to a failure (for in- 
stance, a chemical tank might release its 
contents either because a weld cracks 
and the tank ruptures or because an 
electrical short causes the cooling sys- 
tem to stop, allowing the contents to 
overheat and eventually explode). Al- 
though enumerating all possible routes 
to failure may sound like a simple task, 
it is difficult to exhaust all the alter- 
natives. Usually a system must be de 
zibed several times in different Ways 
«efore analysts are confident that they 
have grasped its intricacies, and even 
then it is often impossible to be sure 
that all avenues have been identified. 
Once the failure modes have been 
enumerated, a fault tree can aid in esti- 
mating the likelihood of any given mode. 
This tree graphically. depicts how the 
subsystems of an object depend on one 
another and how the failure of one part 
. affects key operations. Once the fault 
. tree has been constructed, one need 


only estimate the probability that in- 
dividual elements will fail to find the 
Chance that the entire system will cease 
to function under a particular set of 
circumstances. Norman C. Rasmussen 
of the Massachusetts Institute of Tech- 
nology was among the first to use the 
method on a large scale when he direct- 
ed a study of nuclear reactor safety in 
1975. Although specific details of his es- 
ümates were disputed, fault trees are 
now used routinely in the nuclear in- 
dustry and other fields. 

Boeing applies fault-tree analysis to 
the design of large aircraft. Company en- 
gineers have identified and remedied a 
number of potential problems, such as 
vulnerabilities caused by routing multi- 
ple control lines through the same area. 
Alcoa workers recently used fault trees 
to examine the safety of their large fur- 
naces. On the basis of their findings, the 
company revised its safety standards to 
mandate the use of programmable logic 
controllers for safety-critical controls. 
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dons, which cause people to respond more strongly to some 


+ 


They also instituted rigorous testing of 


automatic shut-off valves for leaks and 
added alarms tbat wam operators to 
close manual isolation valves during 
shutdown periods. The company esti- 
mates that these changes have reduced 
the likelihood of explosions by a factor 
of 20. Major chemical companies such 
as Du Pont, Monsanto and Union Car- 
bide have also employed the technique 
in designing processes for chemical 
plants, in deciding where to build plants 
and in evaluating the risks of transport- 
ing chemicals. | 

In addition to dealing with uncertain- 
ty about the likelihood of an event such 


leaks, one cannot determine beforehand 
the exact amount of pollutant released, 
the precise shape of the resulting dose- 
response curves for people exposed, or 
the values of the rate constants govern- 
ing the chemical reactions that convert 


. the contents of the tank to more or less 


dangerous forms. Such uncertainties are 
often represented by means of probabil- 
ity distributions, which describe the odds 
that a quantity will take on a specific 
value within a range of possible levels. .. 

When risk specialists must estimate 
the likelihood that a part will fail or as- ` 
sign a range of uncertainty to an essen- 
tial value in a model, they can some- 
times use data collected from similar 
systems elsewhere—although 
fll ia acai pinasa 
whole may be new, the components 
its high-pressure 


steam systems will ba- 


SUPERCOMPUTER MODEL of ozone con- - 


centrations in the Los Angeles basin 
(pink, highest; yellow, lowest) serves as 
a starting point for analyses of the risks 
of exposure to air pollutants. 


the de- 
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aspects of risk than to others. Ultimately, costs and benefits will be weighéd. Agree 
ing on the values used to make decisions and making sure that all relevant offence 
are taken into account are crucial, but often negiected, parts of the process. 


sically be indistinguishable from those 
in other plants. 

In other cases, however, historical data 
are not available. Sometimes workers 
can build predictive models to estimate 
probabilities based on what is known 
about roughly similar systems, but of- 
ten they must rely on expert subjective 
judgment. Because of the way people 
think about uncertainty, this approach 
May involve serious biases. Even SO, 


quantitative risk analysis retains the ad- - 


vantage that judgments can be incorpo- 
rated in a way that makes assumptions 
and biases explicit. 

Only a few years ago such detailed 
study of risks required months of cus- 
tom programming and days or weeks 
of mainframe computer time. Today a 
variety of powerful, general-purpose 
tools are available to make calculations 
involving uncertainty. These programs, 
many of which run on personal com- 
puters, are revolutionizing the field. They 
enable accomplished analysts to com- 
plete projects that just a decade ago 
were considered beyond the reach of 
all but the most sophisticated organi- 
zations [see box on page 38]. Although 
using such software requires training, 
they could democratize risk assessment 
and make rigorous determinations far 
more widely available. 


fter they have determined the like- 
lihood that a system could expose 
people to harm and described 

the particulars of the damage that could 
result from exposure, some risk analysts 
believe their job is almost done. In fact, 
they have just completed the prelimi- 
naries. Once a risk has been identified 
and analyzed, psychological and social 
processes of perception and valuation 
come into play. How people view and 
evaluate particular risks determines 
which of the many changes that may 


occur in the world they choose to no- 
tice and perhaps do something about. 
Someone must then establish the rules 
for weighing risks, for deciding if the 
risk is to be controlled and, if so, how. 


Risk management thus tends to force a - 


Society to consider what it cares about 
and who should bear the burden of liv- 
ing with or mitigating a problem once 
it has been identified. 

For many years, most economists and 
technologists perceived risk simply in 
terms of expected value. Working for 
a few hours in a coal mine, eating pea- 
nut butter sandwiches every day for a 
month, and living next to a nuclear pow- 
er plant for five years all involve an in- 
creased risk of death of about one in a 
million, so analysts viewed them all as 
equally risky. When people are asked 
to rank various activities and technol- 
ogies in terms of risk, however, they pro- 
duce lists whose order does not corre- 
spond very closely to the number of ex- 
pected deaths. As a result, some early 
risk analysts decided that people were 
confused and that their opinions should 
be discounted. 


deaths and injuries rosie cause every 
year, On average can do it pret 

well. If, however, they are asked to rank 
those hazards in terms of risk, they pro- 
duce quite a different order. 


_ People do not define risk solely as the 


- 
. "= 


question is underst how tabi : 
the danger is distributed, how wala . 

viduals can control their exposure and: 
whether risk is assumed voluntarily, ".- - - 

Slovic and his colleagues have found ` 

that these factors can be Combined into 
three major groups. The first is basical- 
(as 


). The sec- 
ond is a measure of how well the risk is 
understood, and the third fs the num. 
ber of people exposed. These groups of © 
characteristics can be used to define a 
“risk space.” Where a hazard falls within 
this space says quite a lot about how 
people are likely to respond to it. Risks 
carrying a high level of “dread,” for ex- 
ample, provoke more calls for govern- 
ment intervention than do some more 
workaday risks that actually cause more 
deaths or injuries. : 

In making judgments about uncer- 
tainty, including ones about risk, experi- 
mental psychologists have found that 
people unconsciously use a nuinber of 
heuristics. Usually these rules of thumb 
work well, but under some circumstan- 
ces they can lead to systematic bias or 
other errors. As a result, people tend to 
underestimate the frequency of very 
common causes of death—stroke, can- 
cer, accidents—by roughly a factor of 
10. They also overestimate the frequen- 
Cy of very uncommon causes of death 
(botulism poisoning, for example) by as 
much as several orders of magnitude. 
the so-called heuristic of availability. 
Daniel Kahneman of the University of 
California at Berkeley, Amos N. Tversky 
of Stanford University and others have 
found that people Often judge the like- 
lihood of an event tn terms of how eas- 
ily they can recall (or imagine) exam- 
ples. In this case, stroke is a very com- 
Inon cause of death, but most people 
learn about it only when a close friend 


nce people have noticed a xisk 
and decided that they care 


to modify effects, to alter perceptions or ` 


valuations through education and pub- 
lic relations or to compensate for dam- 
age after the fact. Which Strategy is best 
depends in large part on the attributes 
of the particular risk. 

Even before determining how to in- 
tervene, risk managers must choose the 
rules that willbe used to judge wheth- 
er to deal with a particular issue and, if 
so, how much attention, effort and mon- 
ey to devote. Most rules fall into one of 
three broad classes: utility based, rights 
based and technology based. The first 
kind of rules attempt to maximize net 
benefits. Analysts add up the pros and 
cons of a particular course of action and 
take the difference between the two. The 
course with the best score wins. 

Early benefit-cost analyses employed 


| | ncertainty is a central element of most problems in- 


fixed estimates of the value of good and 
bad outcomes. Many workers now use 
probabilistic estimates instead to reflect 
the inherent of their descrip- 
tions. Although decisions are ultimate- 
ly made in terms of expected values. oth- 
er measures may be employed as well. 
For example, if the principal concern is 
to avoid disasters, analysts could adopt 
a “minimax” criterion, which seeks to 
minimize the harm done by the worst 
possible outcome, even if that leads to 
worse results on average. 

Of course, many tricky points are in- 
volved in such calculations. Costs and 
benefits may not depend linearly on 
the amount of pollutant emitted or on 
the number of dollars spent for con- 
trol. Furthermore, not all the pros and 
cons of an issue can necessarily be mea- 


Risk Analysis in Action 


sured on the same scale. When the ab- 


solute magnitude of net benefits can- ` 
not be estimated, however, rules based 


on relative criteria such as cost-effec- 


liveness can still aid decision makers. ` 
Rights-based rules replace the notion’ 


of utility with one of justice. In most 


utility-based systems, anything can be 


subject to trade-offs; in rights-based an te 
ones, however, there are certain things ` a 
that one party cannot do to anotlier 


without its consent, regardless of costs 


or benefits. This is the approach that 


Congress has taken (at least f 

in the Clean Air Act of 1970: the law’ 
does not call for maximizing net social 
benefit; instead it just requires control- 


ling pollutant concentrations so as to . 


protect the most sensitive populations 


exposed to them. The underlying pre- 


the results are to the dollar values placed on life or health.) 


volving risk. Analysts today have a number of soft- 
ware tools that incorporate the effects of uncertainty. These 
tools can show the logical consequences of a particular set 
of risk assumptions and rules for making decisions about 
iL One such system is Demos, developed by Max Henrion 
of Lumina Decision Systems : === 
in Palo Alto, Calif. 

To see how the process 
works, consider a hypotheti- 
cal chemical pollutant, "TXC." 
To simplify matters, assume 
that the entire population at 
risk (30 million people) is ex- 
posed to the same dose— 
this makes a model of expo- 
sure processes unnecessary. 
The next step is to construct 
a function that describes the 
risk associated with any giv- 
en exposure level—for exam- 
ple, a linear dose-response 
function, possibly with a 
threshold below which there 
is no danger. 

Given this information, De- 
mos Can estimate the number of excess deaths caused 
every year by TXC exposure. According to the resulting cu- 
mulative probability distribution, there is about a 30 per- 
cent chance that no one dies, about a 50 percent chance 

, that fewer than 100 people die each year and about a 10 
percent chance that more than 1,000 die. 

Meanwhile, for a price, pollution controls can reduce 
the concentration of TXC. (The cost of achieving any giv- 
en reduction, like the danger of exposure, is determined 
by consultation with experts.) To choose a level of pollu- 
tion control that minimizes total social costs, one must 
first decide how much society is willing to invest to pre- 
vent mortality. The upper and lower bounds in this exam- 
ple are $300,000 and $3 million per death averted. (Pick- 
ing such numbers is a value judgment; in practice, a cru- 
cial part of the analysis would be to find out how sensitive 
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BLOCKS in the diagram above can be 
up a window containing graphs and tables for their as- 
sumptions, equations and probability distributions. 


Net social costs, ín this model, are simply the sum of 
control costs and mortality. At $300,000 per death avert- 
ed, their most likely value reaches a minimum when TXC 


emissions are reduced by 55 percent. At $3 million, the  . 


optimum reduction is about 88 percent. 
Demos can also calculate a 
form of correlation between 


lution control, possible varia- 


age function, in the location 
of the threshold and in the 
base concentration of the pol- 
lutant contribute the most to 
total uncertainty. At very high 
levels of control, in contrast, 
almost all the uncertainty de- 
rives from unknowns in the 





expanded to call 


Finally, Demos can com- 
pute the difference in expected cost between the optimal 


decision based on current information and that given per- ` 


fect information—that is, the benefit of removing all uncer- 
tainties from the calculations. This is known in decision 
analysis as the expected value of perfect information; it is 
an upper bound on the value of research. if averting a sin- 
gle death is worth $300,000 to society, this value is $38 
million a year, if averting a death is worth $3 million, it is 
$71 million a year. | 


Although tools such as Demos put quantitative risk anal- - j 


ysis within reach of any group with a personal computer, 


using them property requires substantial education. My col- - E | 


leagues and [ found that a group of first-year engineering 
doctoral students first exposed to Demos tended to ignore 
possible correlations among variables, thus seriously over- 
estimating the uncertainty of their results. 


each of the input variables -| 
and total costs. Strong core- - 
lations indicate variables that _ 
contribute significantly tothe ` 
uncertainty in the final cost | 
estimate. At low levels of pol- . 


tions in the slope of the dam- . 


cost of controlling emissions. ` 
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sumpiion holds that these individuals 


have a right to protection from harm. 

Technology-based criteria, in contrast 
to the first two types, are not concerned 
with costs, benefits or rights but rather 
with the level of technology available to 
control certain risks. Regulations based 
on these criteria typically mandate "the 
best available technology" or emissions 
that are “as low as reasonably achiev- 
able." Such rules can be difficult to ap- 
ply because people seldom agree on the 
definitions of “available” or “reasonably 
achievable.” Furthermore, technological 
advances may impose an unintended 
moving target on both regulators and 
industry. 

There is no correct choice among the 
various criteria for making decisions 
about risks. They depend on the ethical 
and value preferences of individuals 
and society at large. It is, however, crit- 
ically important that decision frame- 
works be carefully and explicitly cho- 
sen and that these choices be kept log- 
ically consistent, especially in complex 
situations. To do otherwise may pro- 
duce inconsistent approaches to the 
same risk. The EPA has slipped into 
this error by writing different rules to 
govern exposure to sources of radioac- 
tivity that pose essentially similar risks. 


mplicit in the process of risk anal- 

ysis and management is the crucial 

role of communication. If public 
bodies are to make good decisions about 
regulating potential hazards, citizens 
must be well informed. The alternative 
of entrusting policy to panels of experts 
working behind closed doors has proved 
a failure, both because the resulting pol- 
icy may ignore important social consid- 
erations and because it may prove im- 
possible to implement in the face of 


grass-roots resistance. | 
‘Until the mid-1980s, there was little 
on communicating risks to the 
public. Over the past five years, along 
with my colleagues Fischhoff and Les- 
ter B. Lave, I have found that much of 
the conventional wisdom in this area 
does not hold up. The chemical indus- 
try, for example, distilled years of litera- 
ture about communication into advice 
for plant managers on ways to make 
public comparisons between different 
kinds of risks. We subjected the advice 
to empirical evaluation and found that it 
is wrong. We have concluded that the 


- only way to communicate risks reliably 


is to start by learning what people al- 
ready know and what they need to 
know, then develop messages, test them 
and refine them until surveys demon- 
strate that the messages have conveyed 
the intended information. 

.In 1989 we looked at the effects of 


a F amm w =m m 


the EPA s general brochure about radon 
in homes. The EPA prepared this bro- 
chure according to traditional methods: 
ask scientific experts what they think 
people should be told and then pack- 
age the result in an attractive form. In 
fact, people are rarely completely igno- 
rant about a risk, and so they filter any 
message through their existing knowl- 
edge. A message that does not take this 
filtering process into account can be ig- 
nored or misinterpreted. 

To study people's mental models, we 
began with a set of open-ended inter- 
views, first asking, “Tell me about ra- 
don.” Our questions grew more specific 
only in the later stages of the interview. 
The number of new ideas encountered 
in such interviews approached an as- 
ymptotic limit after a couple of doz- 
en people. At this point, we devised a 
closed-form questionnaire from the re- 
sults of the interviews and administered 
it to a much larger sample. 

We uncovered critical misunderstand- 
ings in beliefs that could undermine the 
effectiveness of the EPA's messages. For 
example, a sizable proportion of the 
public believes that radon contamina- 
tion is permanent and does not go away. 
This misconception presumably results 
from an inappropriate inference based 
on knowledge about chemical contami- 
nants or long-lived radioisotopes. The 
first version of the EPA's “Citizen's Guide 
to Radon” did not discuss this issue. 
Based in part on our findings, the latest 
version addresses it explicitly. 

The objective of risk communication 
is to provide people with a basis for 
making an informed decision; any ef- 
fective message must contain informa- 
tion that helps them in that task. With 
former doctoral students Ann Bostrom, 
now at the Georgia Institute of Technol- 
ogy, and Cynthia J. Atman, now at the 
University of Pittsburgh, we used our 
method to develop two brochures about 
radon and compared their effectiveness 
with that of the EPA's first version. When 
we asked people to recall simple facts, 
they did equally well with all three bro- 
chures. But when faced with tasks that 
required inference—advising a neigh- 
bor with a high radon reading on what 
to do—people who received our litera- 
ture dramatically outperformed those 
who received the EPA material 

We have found similar tions 
in other areas, say, climatic change. Only 
a relatively small proportion of people 
associate energy use and carbon dioxide 
emissions with global Many 
believe the hole in the ozone layer is the 
factor most likely to lead to global warm- 
ing, although in fact the two issues are 
only loosely connected. Some also think 
launches of spacecraft are the major con- 


tributor to holes in the ozone layer. (Wil- 
lett Kempton of the University of Dela- 
ware has found very similar perceptions) 


he essence of good risk commu- 

nication is very simple: learn what 

people already believe, tailor the 
communication to this knowledge and 
to the decisions people face and then 
subject the resulting message to care- 
ful empirical evaluation. Yet almost no 
one communicates risks to the public 
in this fashion. People get their infor- 
mation in fragmentary bits through a 
press that often does not understand 
technical details and often chooses to 
emphasize the sensational. Those trying 
to convey information are generally ei- 
ther advocates promoting a particular 
agenda or regulators who sometimes fail 
either to do their homework or to take 
a sufficiently broad perspective on the 
risks they manage. The surprise is not 
that opinion on hazards may undergo 
wide swings or may sometimes force 
silly or inefficient outcomes. It is that 
the public does as well as it does. 

Indeed, when people are given bal- 
anced information and enough time to 
reflect on it, they can do a remarkably 
good job of deciding what problems 
are important and of systematically ad- 
dressing decisions about risks. I con- 
ducted studies with Gordon Hester (then 
a doctoral student, now at the Electric 
Power Research Institute) in which we 
asked opinion leaders—a teacher, a state 
highway patrolman, a bank manager 
and so on—to play the role of a citizens’ 
board advising the governor of Pennsyl- 
vania on the siting of high-voltage elec- 
tric transmission lines. We asked the 
groups to focus particularly on the con- 
troversial problem of health risks from 
electric and magnetic fields emanating 
from transmission lines. We gave them 
detailed background information and a 
list of specific questions. Working most- 
ly on their own, over a period of about 
a day and a half (with pay), the groups 
structured policy problems and pre- 
pared advice in a fashion that would be 
a credit to many consulting firms. 

If anyone should be faulted for the 
poor quality-of responses to risk, it is 
probably not the public but rather risk 
managers in government and industry. 
First, regulators have generally adopt- 
ed a short-term perspective focused on 
taking action quickly rather than invest- 
ing in the research needed to improve 
understanding of particular hazards in 
the future. This focus is especially evi- 
dent in regulations that have been for- 


mulated to ensure the safety of the en- 


vironment, workplace and consumer 
roducts. 


Second, these officials have often 





RISK SPACE has axes that correspond roughly to a hazard's 
"dreadfulness" and to the degree to which it is understood. 


adopted too narrow an outlook on the 
risks they manage. Sometimes attempts 
to reduce one risk (burns from flam- 
mable children's pajamas) have created 
others (the increased chance of cancer 
from fireproofing chemicals). 
In some instances, regulators have ig- 
. nored large risks while attacking smal- 
ler ones with vigor. Biologist Bruce Ames 
of Berkeley has argued persuasively 
that government risk managers have 
invested enormous resources in con- 
trolling selected artificial carcinogens 
while ignoring natural ones that may 
contribute far more to the total risk for 
buman cancer. 
Third, government risk managers do 
not generally set up institutions for 
ing from experience. Too often ad- 
rsarial procedures mix attempts to 
figure out what has happened in an inci- 
dent with the assignment of blame. As 
a result, valuable safety-related insights 
.may either be missed or sealed away 
from the public eye. Civilian aviation, in 
contrast, has benefited extensively from 
accident investigations by the National 
does its work in isolation from ar- 
guments about liability; its results are 
widely published and have contributed 
measurably to improving air safety. 


Many regulators are probably also too 
quick to look for single global solutions 
to risk problems. Experimenting with 
multiple solutions to see which ones 
work best is a strategy that deserves 
far more attention than it has received. 
With 50 states in a federal system, the 
U.S. has a natural opportunity to run 
such experiments. 

Finally, risk managers have not 
been sufficiently inventive in develop- 
ing arrangements that permit citizens 
to become involved in decision making 
in a significant and constructive way, 
working with experts and with ade- 


quate time and access to information. ` 


Although there are provisions for pub- 
lic hearings in the licensing process for 
nuclear reactors or the siting of haz- 
ardous waste repositories, the process 
rarely allows for reasoned discussion, 
and input usually comes too late to 


have any effect on the set of alterna- 


üves under consideration. 

Thomas Jefferson was right: the best 
strategy for assuring the general wel- 
fare in a democracy is a well-informed 
electorate. If the U.S. and other nations 
want better, more reasoned social deci- 
Sions about risk, they need to take steps 
to enhance public understanding. They 
must also provide institutions whereby 






Risks in the upper right quadrant of this Space are most like- 
ty to provoke calls for government regulation. 


citizens and their representatives can 
devote attention to risk management 
decisions. This will not preclude the oc- 
casional absurd outcome, but neither 
does any other way of making deci- 
sions. Moreover, appropriate public in- 
volvement should go a long way toward 
eliminating the confrontational tone 
that has become so common in the risk 
management process. 


FURTHER READING 
RATIONAL CHOICE IN AN UNCERTAIN 
WoRLD. Robyn M. Dawes. Harcourt 
| Brace Jovanovich, 1988. 

READINGS IN RISK. Edited by Theodore . | 
Glickman and Michael Gough. Resourc- 
es for the Future, 1990. | 
UNCERTAINTY: A GUIDE TO DEALING 
WITH UNCERTAINTY IN QUANTITATIVE 


RISK ANALYSIS. Publication of the Soci- 
ety for Risk Analysis, published quar- 
terly by Plenum Publishing. 
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, and the prices of specific 
products. Thev shun risky products. sometimes even 


u Cases, they restrict the amount of financial leverage 

issue and how much insurance to they employ, even when there may be substantial tax 
These approaches are useful because they give advantages to borrowing. 

che firm access to potentially valuable information Typically, these decisions—such as how much 

about what a “normal” risk profile would look like. fire insurance to buy, whether to hedge a particular 

But relying too heavily on the Opinions of lenders or foreign exchange risk, and how m 


isk management activities into a 
` Current Circumstances. For example, there is some single framework. To do this properly, however, 
: indivi ios: requires answers to two major questions: (1) Whar 
feat, 2 product of random historical events! factors should management consider in deciding the 
Moreover, the potential costs of financial distress to 2 firm's optimal risk profile? (2) What are the relevant 
y be qui tradeoffs involved in choosing among the various 

not that great. If these costs of financial distress are tisk-reducing or hedging mechanisms available? 
high enough, the fact thar, for example, lenders are (For example, should one reduce corporate risk by 
willing to provide additional sn tmean lowering the debt-equity ratio or by taking our a 

the firm shoul more. 
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arbitrage pricing theory (APT), seems to regard as 
irrelevant, if nor actually wasteful, a Tange of corpo- 
rate hedging activities designed to reduce the total 


Cause the price of risk is the same for all market parti- 
Cipants, there is no gain to shareholders from “laying 
them off" to financial markers. Consequently, as this 
reasoning goes, the expected net present value of 
buving insurance or a futures Or forward contact 
should be zero in an efficient marker. In this light, 
management decisions to insure or hedge assets 
appear, at best, “neutral mutations” (having no effect 
on the value of the firm). At worst, such actions, to 
the extent they are costly, are viewed as “irrational 


Why Total Risk Matters 


Modern finance theory holds thar the value of a 
firm is equal to its expected future 


- sales and 


atic (or non-diversifiable) risk This Systematic or 
“market” risk, generally measured by “beta” under 
the CAPM, is the sensitivity of a firm's stock price to 
market-wide price movements. As measured using 
APT, systematic risk is measured by the sensitivity of 
market prices to a number of economic factors, such 
as changes in real interest rates, unexpected fluctu- 
auons in GNP growth, and unanticipared changes in 
inflation. 

Finance theory thus implies thar stock market 
investors are concerned not with the total variability 
of the firm's cash flows (which we shall refer to 
hereafter as “total risk"), bur only with the co- 
variability of those flows with the performance of 
the economy as a whole. Finance theorists have 
therefore maintained thar reducing risks ar the 
corporate level which are diversifiable at the 
portfolio level does not benefit stockholders. Con- 
sequently, the argument goes, most company- 
specific risks, provided they do nor Significantly raise 
the prospea of bankruptcy, can be managed more 
efficiently by stockholders. 

Recent scholarship, however, has argued thar 
although toul risk may not affea investors’ required 


expected cash flows, thereby increasing the value of 
quite reasonable, corporate hedging makes 
economic sense. 

How does higher total risk lower expecrations 
about future cash flows? Firms with higher zozal risk 
all else equal, | to find themselves in 
financial distress. Financial difficuli poaae 

y tO disrupt the operating side of the usiness, 
reducing the level of future Operating cash flows. 
rise to management incentives that conflict with the 
interests of other parties who do business with the 
firm; and the adverse effect of such incentives on 
ing costs is compounded by the risk- 
aversion of customers, managers, loyees, sup- 
pliers, and other corporate told In addi- 
tion, variability in corporate earnings can affect a 
firm's ability to take full advantage of tax credits and 
writeofís, ; 


reci 
Financial ditficultie 
the business, reducin 
flows. 


The Adverse incentive Problem 
Financial distress, or the threat of bankrup (Cv, 


produce goods of inferior quality and provide a less 
safe work environment for their loyees. 

4 number of finance theorists discuss how the 
possibility of bankruptcy leads firms to choose 
possibly suboptimal investment projects thar ex- 
propriate wealth from their creditors? They demon- 
strate that if bankrupay is likely, the firm's stock- 
holders have an incentive to invest in very risky 
projects, even if they have negative net present 
values. This is because the bondholders, rather than 
the stockholders. bear most of the downside risk 
from these investments, while the stockholders 
enjoy most of the gain from the upside potential. 


financially sound firms 
holder 


managers have a more direct incentive to keep the 
firm in business. As the firm progresses 
stages of financial distress toward 
however, the firm's i 
fluence on 


* = 


exert increasing in- 
* Tors 


2. Scc. for example, Michael Jensen and Tilka Mecking, “Theory of the 
“em: Mznzgerizl Agency Coss and Structure,” Journal of 
menea! Economics 3 (1976), pp 305-360: Stewart Myers, “Determenants Y 
-Srporime "Journal of Financial Economics 9 (1977), Pp.138-147; 
end Dan Galai and Ron Masulis:"The Opcion Pricing Model and the Risk Factor of 
Stock.” Journal Of Financial Economia 3 (1976), pp.53-81. 
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es are likelv to disrupt the operating side of 
g the level of future Operating cash 


srong incentives to avoid bankruptcy and liquida- 
tion, management may take actions under the threat 
of financial distress they would not otherwise take. 
For example, a firm having difficulty raising cash may 
be tempted to lower the quality of its produas and 
services; they may also cut comers on safety for their 
employees. These temprations will be especiallv 


strong in cases where quality or safety is difficult to 


monitor from the outside. and where the damage 
may not come to light immediately. Or, a firm facing 
financial distress may be tempted to conserve cash 
by cutting back on research and development, adver- 
dsing and promotional expenditures, and various 
forms of working capital such as inventory and 
receivables, ` 

Thus, while a healthy firm has a strong incentive 
to produce high-quality products and to take other 
actions that ensure its long-term viability, these 
normal incentives are likely to change if the firm is 
Suffering financial distress. Under the threat. of 
bankruptcy, the long-run value ofa strong reputation 
may be less important than generating enough cash 
to make it through the next day. The cost savings 
associated with cutting quality levels may be particu- 
larly amractive to firms facing creditors threatening 
to take over and possibly liquidate the firm. 

Potential customers and other stakeholders 


and actions. As a result, they become increasingly 


reluctant to do business with firms in financial dis- . 


tress, as well as with high-risk firms likely to face 
financial distress in the future. Such expectations of 
consumers, suppliers, and even emplovees will 

y affect the firm's future sales, operating 
costs, and financing costs. In short, the expecrarion 
alone of financial distress reduces the expected 
value of doing business with the firm. 


The Effect on Sales 

The incentive of companies in financial distress 
(0 produce lower quality products will scare off 
potential customers. This may, in part, explain Chrys- 
lers difficulty in amracting customers when they 
were on the verge of bankruptcy. In response to this 


5. Sec Shendan Tumin "The Efect of Cipe Scructure oa a Firm's Liquida» 
tion Decision.” Journal of Financial Economics 13 (1964) pp.137-183. 
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# * - p . $ =. a * i = 
^5 Reducing total risk can aid a rirm s marketing efor: bv 


providing greater assurance to potential customers that the 


- - COMpany will be 
"Its products. 


around in the future to service and upgrade 


customer hesitancy, Chrysler decided to Offer 5-vear 


repairs may become a problem. This is particulari 


threatens 
smaller producers. 


are economies of scale in 


goes out of business, 
Precipitously, raisin g 


In general, whenever customers face 
tO switching suppliers, 


duct adaptations. necessary investments in Special. 
ized ancillary equipment, and 


how to operate a Supplier's equipment or Software. 


example, software programs 
Computers with the | | $ 
later, if ar all, are they rewritten for other brands. 


sary tO fit a new Supplier into 
Schedule. The 


orders. This is true of suppliers of commodity-ype 


products as well as those of < i 


changed their credit terms to cash-on eli 
Duyer of Wheeling-Piusburgh's Output interviewed 
by the Wall Sereer Ournal said that he wasn't looking 


ma 

Even it a firm facing financial 
conscientious in dealing with 
- difficulty in assuring them of į 


Risky firms become vicims of lost consumer 
confidence. Customers aren't as willing to do busi- 
ness with a firm that might be going out of business. 
To some extent, this fear is self-fulfilling as lost sales 
worsen the firm's ial position and result in a 


to their expected 
damages. As 2 result, both the unit sales volume and 
the price received by a firm can be affected by the 
oe as much as the actual) level of its total 


As sales decline, distribution will suffer as well, 
especially for products that cannot just be plugged 
in, eaten, or worn. Distributors must then invest in 
training programs so thar their salespeople under- 
stand and are able to demonstrare the uses of the 
company's latest products. This fixed cost, in combi- 
nation with scarce shelf space, limits the number of 
product lines retailers are willing to carry. The resul- 
ting decline in sales further hinders the firm's ability 
economies of scale, making it 


prove its prospects for survival and, hence, its sales 
outlook. 


The Effect on Operating Costs 

A firm's cost of doing business is, in part, a func- 
tion of its suppliers’ view of the company's long-run 
viability. A firm strugeli to survive is unlikely to 


of future survival, the more of 

these relationship costs the customer will have to 
bear up front in the form of higher prices or less 
y-tailored services and produas. sie 
Lower-risk firms also have an easier time atrracr- 

ing and retaining good personnel. In the event of 
liquidation. emplovees must bear search costs, espe- 
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distress intends to be 
Its Creditors, it will have 
ts intentions. 


cially where the job provides firm-specific training 
and skills not easily wansferred elsewhere. Higher 
level managers bear the Stigma of being associated 
with a failure. The more difficult it is for potential 
furure employers to determine the extent of an in- 
dividual managers culpabilitv in the Corporate 
failure, the higher the cost auached to this stigma. 


The Effect on Financing Costs 

The potential for myopic behavior on the part of 
the firm extends to irs dealings with creditors as well. 
4 company that expects to remain in business will 


` generally be very protective of its credit reputation. 


The value of a good credit reputation, however, is 
lower for firms that may not survive to reap the long- 
run benefits. Such firms have an incentive to borrow 
money under false pretenses and mistrear creditors 


in order to delay the onset of bankruptcy. Because . 


creditors understand this change in incentives, risky 
firms will find ic more difficult to borrow and obtin 
credit under favorable terms. Moreover, even if a 
firm facing financial distress intends to be con- 
scientious in dealing with its creditors, it will have 
difficulty in assuring them of its intentions. 

Firms extending trade credit will have a difficult 
time imposing sufficiently stringent conditions to 
assure themselves of repayment Rather than putting 
up with the associated risks and problems, they are 
likely just to cut off trade credit for riskier firms. The 
potential loss of supplier credits presumably is cost- 
ly since firms seem to prefer itto most other sources 
of funds, possibly becauserit is such a (arr n ari of 
financing. (The alternative of negotiating ing loans 
Or other financing every time additional credit is 
needed imposes a variety of transaction costs on the 
firm that may be avoided with supplier credits.) 

Excessive variability in cash flows could also 
affect the firm's ability to borrow. Just as a firm facing 
financial distress cannot be trusted pall eae 
product quality, so it cannot be trusted to honor its 
obligation to its creditors. Because of the opdon-like 

of equity shares, shareholders have an in- 
centive to select high-risk projects which increase 
their wealth by reducing the value of the firm's liabil- 
ities. As pointed out earlier, equity holders receive 
all of the upside potential from high-risk invest- 
ments, whereas bondholders share in the downside 
losses. dm 
Consequently, the riskier a firm is perceived to 


be, the more stringent the restrictions lenders will 
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The riskier a firm is perceived to be, the more stringent the 
restrictions lenders will impose on its operating policies and 
mvestnent projects. These restrictions can prove especially 


costly tor high-growth firms. 


impose on its operating policies and investment pro- 
jects. These restrictions can prove especially costly 
for high-growth firms with financing requirements 


compensate lenders for the threat thar stockholders 
will yield to temptation may be so high, and the re- 
suicuve debt covenants so tightly drawn, as to vir- 
tually guarantee thar the firm will be unable tO pav 
back its new debts. The result is a drving up of new 
credits. This could cause the firm to forgo attractive 
projects. especially if the alternative is an equity 
issue requiring disclosure of valuable information to 
competitors.5 

Decreasing total risk can reduce or eliminate 
some of the more onerous debt restrictions and co- 
venants. Invesunent and operating policies with few- 
er restrictions on them should increase expected fu- 
ture cash flows and shareholder wealth. 


The Problem of Risk Aversion 
We have already seen one example of how total 


tisk could change the value of the firm as a going 
concern Specifically, creditors might push into 
bankruptcy and liquidation a firm that would other- 
wise survive. ution of this possibility will be 
reflected in the form of lower sales and higher oper- 
ating costs. 

Less evident is the likelihood that even in a 100 
percent equity-financed firm, the firm's value as 2 
going concern will be reduced by large risk ex- 
posures. The income streams of most and 
employees are probably nox well (or easily) diversi- 
fied. Consequently, s= People will be concerned 


compensated for bearing added risk As a rome 
higher total risk increases the cos of maintaining the 
Organization. 

. Competition, however. will limit (to the level 
Set by efficient firms) a hi 


meet demands for higher compensation. A highly 


. risky firm, therefore, will have difficulty maintaining 


cna Dott was made in by Dowald Lessard and Alan Shapiro in “Guldctine 
De Financing Bic” Midland Corporate Finance Journal (Winter 


-risk company's ability to ` ` 


none of those things that make good companies "° 
The Multigraphics Division had seven presidents in 
25 many years. And 40 executives paraded through 
the division's six vice-president slots in one four- 
year period. 

The reduction in value caused by such disorder 
is especially great for those firms whose principal 
assets are not physical but intangible—assets, for ex- 
ample, that take the form of organizational skills and 
assets inseparable from the firm itself. One such skill 
involves knowledge about how best to service 2 mar- 
ker, including new product development and adapa- 
tion, quality control, advertising, distribution, after- 
sales service, and the general ability to read chang- 
ing market desires and translate them into salable 
products. Other valuable organizational assets 
whose worth would suffer fom financial dis- 
tress—aside from managers with their firm-specific 
human capital—could include a network of inde- 
pendent distributors or suppliers of Specialized 
products, such as software. Š 

Similarly, many firms are in industries that 
require salespeople to develop close relationships 
with their customers. Financial distress, which in- 
creases a salesman's personal risk, will cause 
him—whethér he is a high-technology sales engi- 
neer or a stockbroker—<o jump ship, king 
customers with them and further ing the value 
of the firm. For example, when Cordis, a medical 
technology firm, found itself in a bale with the Food 
and Drug Administration (FDA) over the safety of its 
pacemakers, it suffered serious damage to its sales 


. force, whose members found their commission in- 


come plummeting. Many salespeople switched to 
Cordis's competitors. Because of the complexity of 
pacer technology, salespeople tend to have close 
relationships with the physicians they supply and 
thus can take their customers along when they 


6. Bunnan Week, December 3, 1984, p.169. 


Corporate Risk Management 


ess 
The close connection between corporate and personal risk 


means that a riskier tirm mu 


switch companies. Needless 
company from desertion amongst their sales force 


of hiring and training new managers, salespeople 
and other employees, adding new distributors, End 
finding new suppli uce the value of the firm 
as an Ongoing entity. When disintegration of the or- 
ganization has progressed far enough, cash flows 
will turn negative. Ar this point, shareholders will 
have no choice but to liquidate the firm. A creditor- 
financed firm will likely be liquidated prior to this 
point. 


Tax Effects 


As the variability of operating profirs increases, 
so does the probability that a fire wi be unable to 
make full use of its tax credits and depreciation and 
interest expense tax deducions.? To the extent the 
resale market in these tax benefits is imperfect (as 


Cing its prospects for 
of risk aversion and 
weakens the bonds 


the extended organization; and an exodus begi 
Distributors switch to Other brands, suppliers 


“Opel Capital Seructure Corporate and Persoas! Txcation, fosarmal 
Financial Economics 8 (1980), pp.3-29. 


2, This cScct was first pointed out by Harry DeAngelo and Roa Mania L. 
of 


| st pav emplovees more to induce 
them to commit their numan Capital to the tirm. 


reorient their production facilities, and firms supply- 
ing complementary services and Specialized 
products tailor their products for competing brands. 

cognizing this, customers buy less; and the firm's 
best employees either demand higher salaries or 
leave, taking their firm-specific knowledge 
elsewhere. This adds to the firm's risk, which, in 
turn, further affects the firm's sales and cost of doing 
business. Thus, there is a natural progression from 
increased total risk to increased risk of bankruptcy 
and liquidation. Furthermore, even if liquidation is 
unlikely, total risk will lower the firm's value by an 
amount equal to the added cost of organizational 
maintenance. 

To summarize the arguments above, the true 
cost of higher corporate risk is the reduction in the 
value of the firm's tangible and intangible assets 
caused by the presence (or probability) of financial 
distress. In general, the greater the value added by 
the organization to the firm's products or services 
and the more expensive it is to reconstitute that 
Organization, the greater this cost is likely to be. 


Characteristics of Firms With 
High Costs of Financial Risk 


.Based on the previous discussion. it is possible 
to identify specific characteristics of firms for which 
financial distress is especially costly. Such compa- 
nies would therefore be likely —— 
active management of total corporate risk eo 
these characteristics are industry-specific, based on 
product type, while others are firm-specific. In- 
dustry-specific product characteristics include the 
following: I 


3 O Products that require repairs This is illustrated by 


Lee lacocca's response to suggestions that Chrysler 
declare y: "Our situation was unique... It 
wasn't like the cereal business. If Kellogg's were 
known to be going out of business, nobody would 
say: Well. I won't buy their cornflakes today. What if 1 
get stuck with a box of cereal and there's nobody 
around to service i7 - | ! 

9 Goods or services wbose quality is an important 
atribute but is difficult to determine in BAMBI. 
One such service is air transportation. In fac, airline 


8. Fortune, November 26. 1984, p.224. 
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Firms with substantial growth opportunities 
tO maintain a continuous research and dev 


wiil often preier 


elopment 


program. and to rund substantial advertising and other - 
marketing expenditures, in both good times and bad. 


companies in financial difficulty have been hunt by 
the common belief that they are more likely to cut 
corners on safety, thereby increasing the risk of an 
accident. 

9 Products for which there are switching casts. Such 


products would include computers or office and . 


factory automation equipment 
© Products whose value to customers depends on the 


es. As we saw earlier, many 


Services and complementary products supplied by 
independent compani 
firms require third parties to distribute, sell, service, : 


upgrade, and otherwise add value to their products. 
Being a low-risk firm helps persuade independent 
firms to enter into such a symbiotic relationship. 


Firm-specific factors include the following: 


© Higb-growtb opportunities Firms having more 
positive net present value projeas available than 
they can finance with internally-generated funds will 
jeopardize their access to outside financi g by the 
appearance of being risky. Otherwise. p i 
investors could be 

isc management incentive problems. 
© Substantial organizational assets. Firms whose 
principal assets are intangible—in the form of 
managers and employees with firm-specific human 
capital. outside distributors, suppliers, brand names, 
a reputation for quality and reliabilitv—will have a 
higher cost of financial distress than firms with most- 
ly physical assets. These intangible assets will rapidly 
depreciate in value if the firm experiences, or seems 
likely to experience. financial distress. As firm risk 
increases, the value of 2 reputation for quality 

pOcucts diminishes, and managers and other stake- 
holders are increasingly likely to sever their ties with 
9 Large excess tax lors. Companies such as 
Chrysler and USS. Steel cannot take full advantage of 
their available tex losses. much less. the interest on 


i ional debt. Thus. they have less incentive to load 
up on debr | 


Determining the Firm's Risk 
Profile 

A company's optimal risk profile: should be 
determined by trading off the costs of the firm bear- 
ing all (or some) of its risks against the costs of 
somehow hedging or otherwise reducing those 


rospective 
Scared off by the previouslv. . 


risks. In deciding on an appropriate risk profile, 
management should conduct a comprehensive anal- 
ysis of all of its significant exposures. The principal 
focus of this analysis should be on the risk of cash 
însolvency—thar is, the probability of running out of 
cash before meeting debt servicing charges—given a 
particular risk profile. Cash insolvency is critical be- 
cause the inability to meet principal, interest, and 
lease payments may lead to financial insolvency and, 
ultimately, to bankruptcy. 

However, the analysis can and should be ex- 
tended to examine the firm's capacity, under various 
tisk scenarios, to service fixed charges of any kind. 
For example, those firms that perceive large costs to 
Cuming preferred and common stock dividends will 


. treat these as a fixed cost Strategic factors also enter 


here. Firms with substantial growth Opportunities 
will often prefer to maintain a continuous research 
and development program, and to fund substantial 

ising and other marketing expenditures, in 
both good times and bad. | 


The Worst Case Scenario 


Unfortunately, the difficulty of performing a 
thorough cash flow analysis may lead firms to limit 
themselves to using rules of thumb, usually based on 
various coverage ratios. But coverage ratios do not 
tell a financial what is most important: the 
probability of cash insolvency associated with alter- 
native risk profiles. This requires a series of cash 
budgets prepared ing (1) different economic 
conditions and (2) the levels of usage of different 
risk-reducing mechanisms. To do this properly, rm 
financial manager must specify a range Of likely fu- 
ture economic scenarios and how the firm's cash 
flows will be affected by these developments, with a 
probability atrached to each scenario. Moreover, it is 
necessary to determine other possible sources of 
cash besides the cash flow from operations. This in- 
cludes liquid assets that can be drawn down, ac- 
Counts pavable that could be stretched, expendirures 
that could be deferred. and assets that could be sold. 


. The end result is a series of net cash flows that are or 
can be generated under each of the different 


economic scenarios. Based on the associated proba- 
bilities, the financial manager can then examine 
these cash flows and see whether a particular risk 
profile exposes the firm to too much financial risk. 

A useful place to begin determination of an 
appropriate risk profile is to analyze what happens 


to a firm's cash flows under a “worst case scenario.” 
This could mean a general or industry recession 
when sales are severely depressed, but it could be 
any combination of adverse circumstances. For ex- 
ample, a company with a sizable export marker, such 
as Rolls Royce, might be most concerned with a 
possible appreciation in the value of its home 
currency, while a pharmaceutical company like 
Johnson & Johnson might be especially concerned 
with the effects of a product recall. 

In 1961, Gordon Donaldson presented a frame- 
work for evaluating corporate debt capacity thar can 
be easily adapted (and, in fact, may actually be better 
suited) to the task of quantifying total corporate 
risks? In order to use Donaldson's method for this 
purpose, management would begin by identifying 
the various sources of risk to which the firm is ex- 
posed. Then, for each of these categories of risk, net 
cash flows can be calculated assuming the worst hap- 
peas; and, at the end of this process, management 
will have an estimate of the cash balance the firm can 
reasonably expect to have at the end of the recession 
(or some firm-specific catastrophe). Specifically, this 
means estimating 


CB, = thecashbalanceattheendofarecession — - 
CB, = the cash balance ar the start of a recession 
NCF, = the net cash flow during the recession. 
By doing this calculation for a range of possible net 
used to construct a probability distribution of the 
next step in this analysis is to compare 
these cash flows to fixed charges. Then for each in- 


crement of debt, insurance, forward contracts and. 


tion of CB. - k w= 1 AN 7 
Suppose, for example, that a firm normally 
maintains $1 million in cash and marketable securi- 
- Ges. This is the cash balance that would be on hand ar 
the start of a recession or the onset of some other 
adverse circumstances. Assume that such an eco- 
nomic decline, when it comes, is expected to last for 
two years. To show the effects of additional debt on 


Debt Capacity ( Boston: Division of Research. Harvard Business 
School), 1961. CONO ues 


the firm's risk profile, assume it borrows an addi- 
tional $5 million, with annual debt servicing charges 
of $1.5 million. Its cash balance ar the end of the 
economic decline will be 
CB, = $1,000,000- (2 x $1,500,000) + NCF,. 

= - $2,000,000 + NCF, 


Hence, the probability of cash insolvency under this 
financing plan equals the probability that ner cash 
flow under adverse conditions will fall below $2 mil- 
lion. Management must then decide how high a pro- 
bability of cash insolvency it is prepared to tolerate. 
(This judgment should not be based on its own 
preferences alone, but rather on what would add 
most value to shareholders.) 


Cash Inadequacy ` 

Thus far, our analysis of the firm's risk profile 
has been in terms of the probability of cash insol- 
vency. But long before reaching this point, the firm 
could be in serious financial trouble. More impor- 
nc mde "o cdi 

rove costy for certain types of firms, especially 
Dem substantial amounts of organizational 
assets. 

This means thar the risk analysis should be ex- 
tended to deal with the case of cash madequacy, 
defined by Donaldson as the inability to fund all 
desired, but not absolutely essential, expenditures.” 
This category would indude items such äs divi- 
dends, an R&D program, expenditures to upgrade 
plant and equipment, and advertising and other 
marketing costs. By this point, the company is cutting 
into muscle and bone; and this will affect its ability to 
susuin whatever competitive advantage it has. The 
flows, which will be reflected in a lower stock price 
today | 


“Table 1 shows the various ways in which firms 
can mobilize financial resources in the event of a 
liquidity problem.!! These financial resources can 
be categorized into uncommiued reserves, reduc- 


tions of planned expenditures, and liquidation of - 


assets. The first category includes excess cash and 
marketable securities, unused lines of credit, and 
other sources of liquidity that can be readily 


“10. Donaldson, Corporate Debt Capacity Scc earlier ciration. 
1L The moblitrerion of zal resources 


facial discussed by = 
Seranagy for Financial Mobility (Homewood, I: Richard Direta), 1371. 
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TABLE 1 
inventory of Financial 
Resources 


Issue of new equity 
Preferred stock 
Common stock 


Reduction of planned outflows 


Volume related 


Inventory 
Sales of business units 


Total financial resources available 


ELI 


| | po xf 
Source: 


Donaldson h rere Nanc Emergencies," Harvard Busines Reweur 


(November—December), p. 


these various forms of cash inadequacy and insol- 


vency must be traded off against the costs of reduc- 


Methods of Reducing Total Risk 


There are many ways in which firms can reduce 
their total risk, though some are clearly less costly 
than others. Depending on the methods used, a 


firm's cost of achieving a given level of risk reduction 
can vary widely. Management thus has an incentive 
to select carefully the most cost-effective method of 
dealing with total risk. 

The methods for managing corporate risk can 


= —-—[sop 


Corporate Risk Management 


A policy ol avoiding risky investments ignores the the extent 
to which a firm can control risk in other wavs. After all. . "eS 


companies are in business to take risks, provided such risks 
‘promise to be compensated through adequate returns. 


be broken down into two basic categories: financial" 


and'reaL^ The principal risk-reducing techniques - 


that can be categorized as financial include lowering 
the firm's debt-equity ratio, buying or selling 
forward or futures contracts, and buying insurance. 
Real adjustments include the adoption of production 
processes that reduce the degree of operating 
leverage,. avoidance of high-risk projects, and 
abandonment of existing high-risk products (such as 
those subject to large liability suits for which no 
adequate insurance is available). ` 


Restricting the Debt-Equity Ratio 
The finance literature is replete with references 
to the effect of debt financing on the firm's total risk. 


liquidation). 

The fact that we see very few all-equity financed 
firms suggests thar this rBlereductey bois is 
not cosdess. In particular, because interest payments 
come out of before-tax income whereas dividends 
are paid out of after-tax income, debt may be a less 
expensive source of financing, at least up to a certain 
point. Hence, the loss of the interest tax shield 
provided by debt serves as a disincentive to firms to 
lower their total risk by means of debt reduction. Ar 
the same time, however, the tax advantage of debt 
gives firms an incentive to use other methods of 


reducing total corporate risk, enabling them to add - 


súll more debt to their capital structures. This may 
allow them to increase their debt tax shield without 


significantly raising the probability of financial dis- 


Futures and Forward Contracts 
A futures or a forward contract calls for delivery 


at 2 fixed future date, of a specified quantity of a 
given commodity—be it foreign exchange or orange 
juice—with the price fixed at the time the contract is 


set With a forward or futures contrac, a firm can 
lock in its future cost of inputs or sales revenue. For 
example, an orange juice manufacurer can hedge 
against the possibility of price fluctuations in its basic 
raw material by buying orange juice futures. Similar- 
ly, 2 copper mining firm can lock in the revenues 
from a new mine by selling the output in advance 
through use of a copper futures contract 

The cost ofa forward or futures contract is simp- 
ly the cost of executing the transaction. In the case of 
a forward contract, the cost is the spread berween the 
bid and ask price. With a futures contract it is the 
opportunity cost of the margin amount plus the trad- 
ing commissions. In a large, active, and well- 
Organized marker, such as the foreign exchange 
marker, these costs are likely to be minimal. In other 
words, the net present value of a furures or forward 


contract traded in such a market is close to zero. ` 


(Bur, at the same time, the benefits to the corpora- 
tion from reducing total risk could be substantial.) 


Insurance 


Buying insurance is a standard approach to 
hedging corporate risk. The basic problem with in- 
surance is the large load embedded in its price; that 
is, insurance rates include a premium over and 
above the expected losses associated with the policy 
in order to cover marketing and claims servicing 


costs, as well as the implicit costs of moral hazard 


and adverse selection? l 

Insurance firms do have a comparative 
advantage in some areas of risk management, such as 
efficiency in claims service and at safety 
projects. In addition, the purchase of insurance can 
act as a signal to debt holders and other claimants 
that the firm's investment decisions will be geared 
toward maximizing the value of the firm rather than 
the value of the firm's equity. ` 

Those firms for which the cost of risk is not that 
great, based on the characteristics described in Sec- 


tion 2, will choose ro self-insure more of their risks. 


But it should be emphasized that the decision not to 
insure risks with an insurance company is not the 
same as choosing to self-insure. The firm has many 
other means available to reduce risk. It should use 


ete eee a santai Bee ii = + gate 2 "sees 


IZ There will sill be a positive probability of bankruptcy ance even all 
equity Gnanced Grm rely on trade credit. 


companics ere discussed at lengdi by David Mayers and Ciiford Sexth in “The 
Corporate insurince Decision.” Chase Financia! Querterty (Spring, 1962) 


51 


67 


l— HÁÓÁRERIPUDU ERE 


An Investment with a Dnegauve NPV when evaluated standing 
done mav have a positive NPV when account Is taken or the 
beneticiai effects of risk reduction on the firms other project 


cash flows. 

insurance only when the costs of insurance compare 
favorably with the costs of other risk-reducing tech- 
niques. | 

Avoiding High Risk Projects 


Ihe easiest wav to € risk is to avoid it, 


control risk in other ways. After all, Companies are in 
business to take risks, provided such risks are recog- 


high risk associated wirh its asbestos division result- 


companies. Their response more often than not is to 
avoid making those products that may subject them 
iliy lawsuits i 


ments area of i 
the Probability that th 


‘solution 


have negative net present values. But. even an invest- 
ment with a negative NPV when evaluated standin 


of the beneficial effects of risk reduction on the 
firm's other project cash flows. 

Firms can also reduce the correlation among 
project returns without venturing into new busines- 
Ses by diversifying internationally. The relevant issue 
is whether diversification is the least costly form of 
risk reduction. For example, firms can also reduce 
total risk by designing their projects to have lower 
Operating leverage, a subject we turn to now. 


Reducing the Degree of Operating 


Leverage 

Just as reducing the degree of financial leverage 
lowers total risk, so t00 does reducing the degree of 
Operating leverage. And for the same reason. it 
reduces the ratio of fixed to variable costs. For ex- 
ample, if workers can be laid off or fired with relative 
case, the more labor-intensive the production 
process selected, the higher the variable cost-fixed 
cost ratio, and so the lower the firm's risk. But. if a 
more Capital-intensive production process has lower 
expected costs, the benefits of risk reduction can ` 
come at a high price. Similarly, a firm may forgo the 
Opportunity to take advantage of economies of scale 
because of the axendant increase in its degree of 
Operating leverage; it may choose instead to build a 
scaled-down plant that has higher unit costs but in- 
volves less risk. In both cases, however, competitors 
who select the more efficient process will have a cost 


; edge they can use to great advantage. 


Long-term sales contracts provide a possible 


has a stable source of supply. | 

in some instances, it is nor possible to redu 
the degree of operating leverage bv altering the 
labor-to-capital ratio. For example, as long as an . 


ie a i 
The risk of the firm can be reduced b 


residual or equity claim. 


airplane is in service, it requires a full crew; that is, its 
ratio of i 


The alternative in these instances is to convert a 
poruon of the worker's income from a strictly con- 
tacual claim into a residual or equity claim. This 


can be done by tying a substantial portion of the. 


difficulty have lowered pay levels while offering 
higher €d bonuses; others have given their 
employees stock in lieu of higher pay. Similarly, in 
Japan, most employees receive on the order of one- 
- third their annual income in the form of a year-end 

bonus tied to the firm's profitability during the year. 


Tradeoffs Among Risk-Reducing 
Mechanisms 


management: 

© First, since the Management of total risk entails 
real Costs, the firm should be prepared to pay a posi. 
Uve price to reduce risk s 

9 Second, the optimal level of risk—the firm's risk- 
pearing capacity—is found at the point at whith the 
cost Of reducing an additional unit of risk is just 
equal to the benefit from that incremental degree of 
risk reduction. 

O Third, the firm should 
PPportunities to reduce risk at 2 zero net cost. Need. 
less to say, the firm should seize any risk-reducrion 


whereas some financial adjustments, such as the use 
of forward or futures contracts, may be undertaken 
ara minimal cost 

9 Fifth, the firm must take into account the compara- 


y Converting a portion E 
of a workers income trom a strictly contractual claim into a 


` Corporate Risk Management 


= 
- 
Tas 


tive advantages in risk bearing of different institu- 
tions. A large multinational industrial firm mav have 


. Sufficient diversity of Operations to self-insure risks 


Ordinarily transferred to an insurance company. 
© Sixth, the firm should take into account the eff | 
that reducing one form of risk can have on another 
form of risk. | 

The last point, especially, bears some elabora- 
Gon. Suppose, for example, General Electric selis jet 
engines to Lufthansa with payment due in one year 
and set in deutsche marks. GE can hedge its Currency 


One year. But this does not mean that all risk is elimi- 
nated. By transforming a deutsche-mark denomi- 
nated contract into a US. dollar-denominared con- 
tact, use of the forward Contract is substituting ex- 
posure to inflation risk for exposure to currency 
risk. Without hedging, GE will know how many 


deutsche marks it will receive in one year, but ir 


wont know the dollar value of those deutsche 
marks. By hedging, GE will lock in a dollar price for 
its receivable, but it will not know the purchasing 
power of those future dollars. 


The choice of hedging or nor hedging, there- 
fore, depends on which is the bigger risk, indation 


than not hedging. Suppose Trader Joe buys 4,000 
boules of French to be delivered and 
a ee ee 
FF100 per boule which, at the current spot rate 
FF1 = $.11, is equivalent to $11 a boule. If the 90-day 
forward rate is $.105, Trader Joe can lock in a dollar 
cost Of $10.50 per boule. 

But suppose Trader Joe buys French Ens 
forward to pay for its purchase and the franc depreci- 
ates to $.09, while the price of French champagne 
remains at FF100 per botle. Trader Joe will now be 
facing competition from other wine importers 
whose cost per boule is only $9.00, $1.50 below its 
Own cost. This competitive pressure will drive down 
the price at which Trader Joe can sell its champagne. 
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54 Total cash tows of the two firms joined together wili exceed 
"| the sum Oi their cash flows operating independentiv—noi 

_ because of any synergistic effects but because customers 
perceive less risk in buving the new product or service. 


a ee ee 


Thus, if it hedges its future purchases of champagne, 
Trader Joe's dollar profit margin will be hurt by a 
franc depreciation. 

Of course, it will benefit from an appreciation 
of the franc. The important point, though, is that 
hedging in this case actually increases the variability, 
and hence the risk, of Trader Joe's profit margin. The 
reason is that hedging will fix Trader Joe's dollar cost 
while its dollar price will vary in line with the dollar 
value of the franc. By not hedging, Trader Joe's dollar 
cost and dollar revenue will move in unison, thereby 
preserving a relatively constant dollar margin. 


Reducing the Costs of Risk 

An alternative approach to risk management is 
to reduce the costs associated with risk There are 
several ways of doing this, each of which can be used 
in conjunction with any of the risk-reducing mecha- 
nisms discussed previously. 


Merger with a Larger, More 
Financially CH S dai 


A small firm with an innovative produa bur in a - 


precarious financial position can strengthen its 
marketing effort by linking up with a larger, less 
risky company. Potential customers will realize thar 


3 the company's prospects have improved and worry 


Product Compatibility 
Another possib 


readily available and there should be a readv secon- 
dary market for the product. This strategy, however, 


forces companies to compete on the basis of produc- 


| tion cost, hurting those firms with a competitive 


kwa 


m 


= 


advantage in the design and development of novel 
products. For example, if Apple Computer had fol- 
lowed the strategy of IBM-compatibilitv, it would 
never have brought out its innovative Macintosh 
personal computer. Also, those so-called“plug com- 
patible” companies (those producing IBM-compati- 
ble equipment) have faced enormous risks because 
their destinies are largely controlled by IBM. 


Off-the-Shelf Components 

In line with the previous discussion, the firm 
can use off-the-shelf components and other readily 
available product inputs to reduce the cost to its 
suppliers of financial distress. In the event the firm 
goes out of business at a later dare, the alternative of 
using specialized inputs could impose heavy costs 
on suppliers, in the form of plant and equipment and 
inventory unsuitable for other uses. On the other 
hand, the decision to stick to off-the-shelf items 
could prove costly since it limits the firm's design 
options. | 
A SER SR OTS 
Training Programs 

AS pointed our earlier, a major cost of financial 
distress to employees is that the value of their firm- 
specific human capital will be greatly diminished 
should they be forced to seek employment else- 
where. Firms can reduce this cost by providing op- 
portunities to their emplovees to develop their hu- 
man potential so it is applicable to a wider variety of 
circumstances. For example, Procter and Gamble's 
reputation for providing employees with a post- 
graduate education in consumer marketing has en- 
abled it to anraq top-flight talent. The portability of 
this knowledge is evidenced by the large numbers of 
P & G alumni holding top marketing positions in 
other firms (though such a policy, by making its 
employees more mobile, is likely to result in in- 
creased turnover with all its amendant costs). 


Using Manufacturers’ Representatives 
Salespeople who specialize in only one produa 


' line face a good deal of personal risk in the event - 


something happens to that line. They will demand to 
be compensated for bearing this risk An alternative 
to hiring in-house salespeople is to use manufac- 
turers’ representatives who handle a variety of 
products and lines. This diversification reduces their 


personal risk and lowers the amount of compensa- 
tion they demamd. The cost of us; manufacturers’ 
reps, of course, is thar the firm's Products may not be 
adequately represented and Serviced. 


summary and Conclusions 

The basic message of this paper corpo- 
rate cash flows are influenced by the firm's risk 
profile. Its revenues, operating costs. financing costs, 


affected by the likelihood of financial distress, which 


risk will not lower the firm's required rate of return, 
it should lead to an increase in corporate cash flows. 

For this reason, firms should carefully consider 
hedging and other risk-reducing activities. Because 
- these activities may be costly, however, it is neces- 


the firm's risk capacity is defined as the amount of 
I bear, as distinguished from the amount 
Of risk it could support. 

The risk capacities of firms vary widely given the 
different natures of the markers th 


° Products that require periodic repairs. 
® Goods or services whose quality is difficult to 


Corporate Risk Management 


9 Products for which there are Switching costs. 

© Products whose value to customers ds on 
the services and products supplied by independent 
companies. 

Firm-specific factors include the following: 

9 High-growth companies. 

9 Substantial amounts of Organizational assets. 

9 Large excess tax deductions. 

., Firms with high costs of financial distress have 
relatively low risk capacities and should use the 
various risk-reducing techniques suggested in this 
paper. These techniques can be characterized as 
eiher"financial" or“real.” Financial techniques in- 


In choosing these ee techniques the 
firm should take advantage o any opportunities to 
reduce risk ar a zero cost One consideration that 


should be borne in mind is that real adjustments to _ 


reduce risk usually entail real costs, whereas some 
financial adjustments, such as the use of forward Or 
futures contracts, may be undertaken at minimal 
cost. Moreover, the firm should take into account the 
effect that reducing one form of risk can have on 
another form of risk. For example, entering into a 
fixed-price contract eliminates relative price risk but 
may introduce a significant exposure to inflation 
risk. It is these kinds of interdependent exposures 
that an integrated approach for managing corporate 
risks can recognize and deal with. 
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On the Corporate Demand for 
Insurance: Evidence from the 
Reinsurance Market" 


l. Introduction 


Recent studies have focused on the determinants 
of the corporate demand for insurance.' These 
analyses explicitly recognize that while the pri- 
mary motive for individuals’ insurance pur- 
chases, risk aversion, can partially explain the 
demand for insurance by closely held corpora- 
tions and partnerships, it provides a deficient ex- 
planation for insurance purchases by widely held 
corporations. The corporate-form is itself a con- 
tractual structure with significant risk-manage- 
ment capabilities. Since the corporation's own- 
ers, its stockholders, can hold well-diversified 
portfolios of financial claims, idiosyncrat ic losses 
cun be managed through diversification. Thus, 
the analysis has focused on, instead of risk aver- 


* Shepurd Professor of Insurance, College of Business, 
The Ohio State University, Columbus, Ohio, 43210, and 
Clarey Professor of Finunce, William E. Simon Graduate 
School of Business Administration, University of Rochester, 
Rochester, N.Y., 14627. We thunk editors D. Diamond and 
A. Madansky, an anonymous referee, H. Bessembinder, S. 
Chaplinsky, H. DeAngelo, S. Harrington, L. Lang, G. 
Niehaus, M. Smith, and J. Zimmerman for conunents und 
suggestions. 

l. See Mayers and Smith (1982, 1987), Main (1983), and 
Smith and Witt (1985). | 


(Journal of Business, 1990, vol. 63, no. 1, pt. l) 
© 1990 by The University of Chicago. All rights reserved. 
002 | -9398/90/630 1 -0002501.50 


B 


Significant attention 
hus focused on the de- 
terminants of corporate 
insurance purchases, 
While this analysis gen- 
erally involves observ- 
able firm characteris- 
tics, its implications 
have been untested. 
This is primarily due to 
the difficulty in obtain- 
ing data on corporate 
insurance purchases. 
We examine one indus- 
try where data on in- 
surance purchases are 
systematically re- 
ported: the insurance 
industry. A reinsurance 
contract is an insur- 
ance policy purchased 
by one insurance com- 
pany from another. 
Our examination of 
reinsurance purchases 
by property/casualty 
insurance companies ` 
provides strong evi- 
dence on the effects of 
ownership structure, 
size, geographic con- 
centration, and line-of- 
business concentration 
on the demand for rein- 
surance, 
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sion, the structure of the tax code, costs of financial distress including 
potential investment-incentive effects of a corporation's capital struc- 
ture, the corporation's ownership structure, comparative udvantages 
in real service production, and the composition of corporate managers’ 
compensation packages. 

While this analysis of the corporate demand for insurance generally 
involves observable firm characteristics, its implications have been 
untested. This is primarily due to the difficulty in obtaining data on 
corporate insurance purchases. Under extant accounting rules, corpo- 
rations are only required to make footnote-level disclosures of insur- 
ance purchases if they are material. Yet, there is one industry where 
data on insurance purchases are systematically reported: the insurance 
industry. A reinsurance contract is an insurance policy purchuscd by 
one insurance company, the ceding company, from another, the rein- 
surer. Hence, within the insurance industry, reinsurance purchases are 
like traditional insurance purchases by industrial corporations. 

In this article, we empirically examine the determinants of reinsur- 
ance purchases for a sample of 1,276 property/casualty insurance com- 
panies. These data include firms across a broad range of ownership 
structures—stocks, mutuals, Lloyd's, reciprocals. Moreover, we dis- 
tinguish among stocks that are widely held, closely held, owned by a 
single family, owned by a mutual, and owned by an association. For 
some purposes we avoid the complex ownership structure problems 
implied by subsidiaries and group membership by focusing on a subset 
of 330 nonsubsidiary nongroup firms. 

In Section II, we review the basic hypotheses about the corporate 
demand for insurance. We describe our data in Section ILI, analyze the 
evidence from reinsurance purchases in Section 1V, and present our 


conclusions in Section Y. 


ll, The Corporate Demand for Insurance 


Insurance purchases affect the firm's current market value through 
changing tax liabilities, contracting costs, or incentives with respect lo 
real investment decisions for either the corporation or its claimholders. 
Although each provides a potential motive for corporate insurance 
purchases, they are not mutually exclusive. In the rest of this section 
we discuss the determinants of corporate insurance purchases and indi- 
cate specific adaptations for reinsurance purchases by insurance com- 
panies. 
Taxes. The tax code provides incentives for firms to purchase in- 
surance.? The provisions of the code imply a convex tax function for 


2. For a more complete analysis of this incentive see Mayers and Smith (1982), Smith 
and Stulz (1985), or Smith and Witt (1985). 
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low levels of taxable income and an essentially linear function for 
taxable income above $100,000.? The convexity implies corporations 
have expected tux liabilities greater than the tax liabilities associated 
with their expected pretax income. ‘Therefore, the Corporate demand 
fur insurance will be generally greater for firms with expected income 
in the convex region of the tax schedule or with more vulatile pretax 
income. 

Insurance companies’ ability to deduct indemnity payments lo 
policyholders while investing in tax-exempt municipal bonds makes 
the convex section of the tax function more important than for manu- 
facturing firms of similar size (see Hendershott and Koch 1980). Since 
insurance firms typically face a significant probability of taxable in- 
come within the convex region, the purchase of reinsurance can reduce 
the firm's expected tax liability by reducing the volatility of pretax 
income. A second tax incentive is provided for insurance companies 
that are members of groups. Reinsurance can transfer profits within the 
group, allowing recognition of profits so that group taxes are reduced.‘ 
Thus, we expect to observe more reinsurance by group members than 
by similar unaffiliated insurance companies. 

Expected bankruptcy costs. Transactions costs of bankruptcy can 
induce corporations to purchase insurance since the probability of in- 
curring the costs is reduced by shifting risk to the insurance company. 
Warner's (1977) evidence that direct bankruptcy costs are less than 
proportional to firm size suggests small corporations are more likely to 
purchase insurance. Expected bankruptcy costs should also be more 
important for firms with higher cash-flow volatilities. For insurance 
companies, group membership cun reduce the demand for externally 
provided reinsurance by providing a substitute mechanism for lowering 
expected bankrupty costs through pooling. 

The probability of bankruptcy had additional importance for insur- 
ance companies: product quality is a negative function of the firm's 
default risk. Insurance purchasers assess the probability of default and 
adjust their demand prices accordingly. Moreover, since risk-averse 
purchasers pay a premium over the actuarially fair rate to eliminate a 
risk, an insurance company has incentives to reduce its default proba- 
bility with reinsurance. 

Investment incentives. Myers (1977) shows that firms have incen- 


3. The introduction of the alternative minimum tax in 1986 imposes potentially impor- 
tant nonlineurities above $100,000, However, our data arc from 1981, prior to the in- 
troduction of this provision, 

4. Note that a significant component of state taxation of insurance firms is through a 
premium tax. To the extent that premium income is taxed, rather than profits, this 
argument for reinsurance is reduced. 

§. See Johnson and Stulz (1987). Fixed costs reflected in insurance premiums are 
likely sufficient to assure that reinsurance dominates the alternative solution of the 
insured diversifying across insurance companies. 
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tives to forgo valuable investment opportunities. Myers argues that in 
some circumstances, with risky debt in the capital structure, tuking a 
positive net present value project makes stockholders worse olf be- 
cause the project's benefits accrue to the bondholders. Mayers and 
Smith (1987) demonstrate that in certain cases, the purchase of insur- 
ance controls this underinvestinent incentive. 

Insurance compunies also can have underinvestment problems. For 
example, consider a company that experiences an abnormally lurge 
loss that reduces the value of both the equity and the firm's outstanding 
policies. The equity holders now might rationally choose lo reject a 
positive net present value project because the benefits accrue primarily 
to the policyholders who have prior claim on the firm's assets. How- 
ever, if the firm had purchased reinsurance, the loss would be 
indemnified, and the incentive to forgo the value-increasing project 
would be reduced. These problems are expected to be more severe the 
smaller the firm's capitalization and the more volatile its cash flows.° 

Reinsurance also facilitates intrafirm specialization in investment 
management. For firms with subsidiaries, asset control is maintained 
by the parent company while regulatory requirements ure met by the 
‘subsidiary through reinsurance with the parent company.’ Thus, the 
assets ultimately backing the policy sold by a subsidiary appear on 
the parent's, not the subsidiary's, balance sheet. 

Optimal risk sharing. Closely held corporations are more likely to 
purchase insurance than firms with less concentrated ownership for the 
same reason that individuals purchase insurance: risk aversion. Insur- 
ance contracts allow owners of closely held firms to specialize in risk- 


bearing only in dimensions in which they have expertise and thus a 


comparative advantage (see Arrow 1974, ch. 5). 

Ownership structure varies within the insurance industry, For ex- 
ample, there are Lloyd's associations, where insurance contracts are 
offered by individual underwriters, stock companies that employ the 
standard corporate form; and mutuals and reciprocals that are more 
like cooperatives with customer and owner functions merged. Stock 


6. While we do not employ data on company capitalization, given the different uc- 
counting conventions used across ownership structures, one must be careful when em- 
pirically testing this proposition. 

7. Indirect evidence of this use of reinsurance by subsidiaries is provided in Mayers 
and Smith (1989), We find that parent chief executive officer (CEO) compensulion is 
more closely related to assets as a measure of firm size, while subsidiary CEO compensa- 
tion is more closely reluted to net premiums written, a gules measure. Additionally, Best 
(1982) indicates that "10096 reinsured'" with the parent, where the parent is also a 
property/casualty company, is common. Given the other control mechanisms available 
between parent and subsidiary firms, full reinsurance coverage is feasible. Huwever, a 
reinsurance contract with an unaffiliated reinsurer is likely to restrict coverage by speci- 
(ying deductibles, coinsurance provisions, and upper limits to control incentive prob- 
lems. See Huberman, Mayers, and Smith (1983). 
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company ownership structure ulso varies from single-owner companies 
to those that are widely held. Because of variation in risk exposure, 
ownership structure cun be un important determinant of cross- 
sectional dilferences in reinsurance purchases: closely held stocks and 
Lloyd's ure expected to reinsure more than firms with less concen- 
trated ownership. 

Real-service efficiencies. Insurance firms develop a comparative 
advantage in processing claims because of scale economies and gains 
from specialization, ‘Thus, noninsurance corporations can increase Cx- 
pected net operating cush flows by purchasing insurance when insur- 
ance compunies are the low-cost supplier of these services. 

Reinsurance firms regularly provide a set of services to ceding insur- 
ance companies. The reinsurer frequently hus brouder experience with 
low probability events and provides information ón pricing und claims 
adjustment services in particular areas.” This information is more likely 
to be valued highly by small insurance firms, especially those that are 
geographically diversified or that offer insurance across many lines. 
Therefore, real-service efliciency arguments can explain both reinsur- 
ance purchases by insurance companies in addition to insurance pur- 
chases by nonfinancial corporations. 

Reinsurance can also be a specialized form of financing. Reinsurance 
reduces insurance in force, thus relaxing the regulatory constraint on 
the ratio of capital to insurance in force. This motive is likely to be 
especially important for mutuals since they cannot raise capital by 
selling equity. 


Hi. Data Description 


Our basic data are from the A. M. Best Company (Oldwick, New 
Jersey); their 1981 line-of-business file (Best's) contains data on pre- 
miums, losses, and expenses categorized into 26 insurance lines for a 
large sample of property/casually insurance firms. The file also 
identifies euch firm's ownership structure (Lloyd's, stock, mutual, or 
reciprocal), group membership, and reports total admitted assets and 
the number of states licensed. The file contains usable data on 1,276 
firms: 854 stock companies, 320 mutual companies, 60 reciprocal asso- 
ciations, and 42 Lloyd's associations. 

Our measure of reinsurance activity is the ratio of reinsurance pre- 
miums ceded to total business premiums. Total business is defined as 
direct business plus reinsurance assumed. Direct business is gross pre- 
miums (including policy and membership fees written and renewed 


8. Sce, e.g. Bickelhaupt (1983, p. 824): "Reinsurers also offer many technical advi- 
sory services lo new insurers or those expanding to new types of insurance or ter- 
ritories.'' 
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TABLE 1 Summary Statistics on Distribution of Ratlo of Reinsurance Premiums 
Ceded to Total Business Premiums for 1,276 Property/Casualty 
Insurance Companies" 

Moments : Quuntiles 
A A A A A o 
Mean ,38 100% MAX 1,33 
SD .33 9945 1.00 
Skewness .63 95% 1.00 
Kurtosis -.BU 9076 99 

- 75% Q3 .62 
50% MED Jl 

2596 Q! 10 

02 Y 

5% ¿00 

1% DU 

0% MIN =.29 


nn 5 5 5 5 EM 
s Total business premiums are defined as direct business written plus reinsurance assumed, 


during the year) less return premiums. Reinsurance assumed is the 
premium income from supplying reinsurance services.” 

Table I displays summary information on the distribution of the ratio 
of reinsurance premiums to total business premiums for the 1,276 prop- 
erty/casualty insurance companies. Note that the ratio is not bounded 
by zero and one; the minimum in our sample is —0.29 and the max- 
imum is 1.33. This occurs primarily because of temporal mismatches in 
income flows. For example, negative values for reinsurance ceded can 
result from a return of premium by the reinsurer. Conversely, the ratio 
can exceed one for a firm that has decided to exit from a line of busi- 
ness or a state because it has stopped issuing new policies but reinsures 
policies in force. We do not believe that this temporal mismatching 
represents a significant problem for our analysis since there is no ap- 
parent reason for it to introduce bias in our procedures. Moreover, the 
total number of observations of this ratio that lie outside the zero-lo- 
one range is less than 2% of the 1,276 observations." 

Our discussion suggests several proxy variables to explain the cross- 
sectional variation in the ratio of reinsurance premiums ceded to total 
business premiums. 

Size. Firm size affects the demand for insurance through taxes, 
expected bankruptcy costs, investment incentives, and real-service ef- 


9, We considered other measures of reinsurance activity, specifically measures of net 
reinsurance aclivity as opposed to just reinsurance purchased. However, for our pur- 
poses, it seems inappropriate to treat reinsurance assumed as simply the negative of 
reinsurance purchased (ceded). For example, one component of the reinsurance market 
operates like a simple pooling contract. Under such a contract the average pool mein- 
ber's net reinsurance activity would be zero, just like a firm with no participation in the 
reinsurance market. 

10. Observations outside the zero-to-one range appear symmetrical with 13 negative 
and 12 greater than onc. 
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ficiencies. The real-service and bankruptcy-cost effects are straightfor- 
ward: larger firms should have a lower demand for reinsurance for 
these reasons. Expected bankruptcy costs are more likely to be an 
important factor for sinall firms, and small firms are less likely to have 
the specialized internal talent available in larger firms. However, the 
effects of size through the tax and investment-incentive motives are 
ambiguous. 

‘We measure firm size by total admitted assets. Means and medians 
for admitted assets by ownership classification are reported in columns 
4 and 5 of table 2. 

Business concentration, We expect business concentration to be 
closely related to the real-service benefits of reinsurance. Other things 
equal, the less concentrated the insurer's business across lines of insur- 
ance, the more vuluable the reinsurer's rating information. However, 
to make specific predictions about the impact through taxes, expected 
bankruptcy costs, and reul-investment incentives requires additional 
knowledge of the expected cash-flow volatilities for specific lines as 
well us potential exposure across lincs to common underlying factors 
such as liability rule changes. For example, firms with high line-of- 
business concentration could specialize in low-volatility lines of busi- 
ness, The impact of business concentration on the demand for reinsur- 
ance is thus ambiguous. 

We measure line-of-business concentration by the Herfindahl index 
of concentration across lines of business." Means and medians for our 
line-of-business concentration measure by ownership classifications 
are reported in table 2, columns 6 and 7. 

Geographic concentration, Geographic concentration can affect 
reinsurance purchases fur three reasons: (1) It increases the volatility 
of taxable income and thus increases tax-related incentives to reinsure. 
(2) It increases the volatility of firm value and thus increases incentives 
to reinsure because of expected bankrupty costs and investment incen- 
tives, (3) It reduces the value of real services provided by the insurer 
and hence reduces tlie demand for reinsurance. Thus, whereas lax, 
expected bankrupty costs, and investment incentives all imply a posi- 
tive association between reinsurance activity and geographic concen- 
tration, the real-service incentive implies a negative association. 

We measure geographic concentration by the negative of the number 
of states licensed. Means and medians for the number of states licensed 
by ownership classification ure reported in table 2, columns 8 and 9, 


11. The Herfinduhl index is culculated for each company as 
H = Y Si, 


where L stands for line of insurance and 5, = PI,/TPI; Pl, is the dollar amount of direct 
business written in a particular line of insurance und TP! is the dollar amount of direct 
business lolaled across all 26 lines of insurance. 
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Business Concentration, Geographic Concentration, and Best's Rating for Total Sample of 1,276 


Mean (Median) Admitted Assets, 
Firms and Nonsubsidiary /Nongroup 






TABLE 2 
4. 





7. Closely beld stocks (subsidiaries) 
8. Widely beld mock (owbsidiaries) 
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Ownership structure, Although ownership structure is ultimately 
endogenous, from an econometric perspective, il is a predetermined 
variable with respect to reinsurance purchases. We control for differ- 

` ences in ownership structure with dummy variables representing dif- 
ferent ownership classifications. Best's classifies firms as Lloyd's, 
stocks, mutuals, and reciprocals. We augment Best's classifications by 
classifying stock companies us ultimately owned by an ussociution,!? 
by a single family (at least 50% owned by one family), as closely held 
(100 or fewer shareholders), or as widely held (more than 100 shure- 
holders), We also indicate whether the stock company is u subsidiary 
and for all companies whether they are a member of a group." 

Our hypotheses explaining variation in reinsurance purchases across 
ownership structures imply that the more significant the fraction of 
total weallh that the insurance company represents to ils owners, the 
greater will be the demand for reinsurance services by the insurance 
company.'^ Thus we expect the Lloyd's to have the greatest demand 
for reinsurance followed in order by single-family, closely held, and 
widely held stocks. We also expect subsidiaries and group members 
to reinsure more. However, the relative ordering of mutuals, recipro- 
cals, and stocks owned by associations depends on the relative impor- 
tance of the financing aspects of reinsurance, the potential reduction in 
expected bankruptcy costs from the issuance of assessable policies 
(reciprocals), and the specific knowledge of risks for insurance offered 
to association members. 

Groups and subsidiaries pose potential problems for our analysis. In 
a group the interfirin affiliajion can reflect an ownership relation (e.g., a 
parent company with several subsidiaries could constitute a group) as 
well as other relations. Companies in groups frequently have "group 
business pooling" arrangements with the other members of the group. 
To the extent that these complex contractuul arrangements are nol 
captured by our dummy variables, including group members intro- 
duces a potential bias in our estimated coefficients. There is also the 
potential for bias if, for example, firms in groups tend to concentrate in 
different lines of business than nongroup firms. Reinsurance contracts 


12. Examples of associations that own stock insurance companies are the American 
Medical Association, California Farm Bureau Federation, Blue Shield Association, 
Catholic Mutual Relief Society of America, and AGWAY, Inc.—a farm supply and food 
marketing cooperative. 

13. This additional information (except for group membership, which is on the file) is 
obtained from the 1982 Best's Insurance Reports. 

14. Hence, we assume thut variation in individual risk aversion is not sufficient to 
allow sorting by individuals to wash out cross-sectional variation in reinsurance demand. 

15. That some Lloyd's have no specific limitation on the underwriters’ linbility should 
be suflicient to generate a difference between Lloyd's and single family stocks. Three of 
the seven Lloyd's that are not members of insurance groups indicate limitations on 
underwriter's liability in the 1982 Best's Insurunce Reports, 


LL 


sot 


18 Journal of Business 


between parent and subsidiaries can bias our measure of firm size for 
subsidiaries and cause problems in interpreting the relation between 
firm size and reinsurance. For subsidiaries, the causality could be re- 
versed—subsidiaries have smaller measured admitted assets because 
they reinsure. While one solution to the problem of groups and sub- 
sidiaries would be to treat related firms as entities, that consolidation 
poses problems for at least one reason: the Best's sample is nol an 
exhaustive listing of all insurance companies, hence we would end up 
measuring partial entities. 

We control these firm-definition problems by restricting part of our 
analysis to that subset of firms where these problems are less severe: 
the nonsubsidiary, nongroup property/casualty insurance companies. 
Although this restriction reduces our sample of companies by 74% (us 
indicated in table 2), it allows more focused tests of vur hypotheses. 
For example, our ownership structure definitions for stand-alone insur- 
ance companies are likely more closely related to our hypotheses than 
they are for subsidiaries: a subsidiary that is ultimately closely held is 
more likely a part of a larger portfolio of companics. Moreover, includ- 
ing subsidiaries adds dimensions to the ownership structure problem 
that we do not fully understand. For example, small property/casually 
insurance companies that are ultimately closely held are frequently 
separated from their owner(s) by a holding company whose only ussel 
is the subsidiary insurance company. ° 

Best's rating. The default risk of the insurer affects the demand for 
reinsurance through investment incentives and expected bankruptcy 
costs. Both arguments imply that riskier firms have incentives to pur- 
chase more reinsurance, As a proxy for default risk we employ Best's 
General Rating from the 1982 Best's Insurance Reports—Property 
Casualty. Best's assigns a group rating where companies operule under 
an intercompany reinsurance arrangement or where common manage- 
ment and underwriting prevail without a business pooling arrangement. 
Thus Best's ratings are easiest to interpret for our subset of 330 non- 
subsidiary, nongroup firms. 

Best's ratings range from A+ to C, but for 85 firms of our sample of 
330 (25.8%) a rating is not assigned. Best's lists several reasons for 
nonassignment, for example, not qualifying for the minimum rating of 
C and having less than 5 years of continuous operating experience, We 
assign a value of six for companies with a Best's rating of A+, five for 
A, four for B+, down to one for C. We assign a value of zero for those 
firms with no rating. In table 2, we report the average Best's rating for 
each ownership structure class." 


16. We believe that one reason for this organizational structure is that it allows the 
firm's owners to reduce the regulatory constraints on leverage by allowing debt issuance 
by the holding company. 

17. The qualitative interpretations of our analysis are unchanged if we use a separate 
indicator variable for each Best's rating rather than these numerical assignments. 
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Lines of business. We control for variation in the demand for rcin- 
surance across lines by using each company's percentage of direct 
business in each of 23 lines as control variables," Table 3 reports 
means and ranges for the percentages of direct business by line and 
ownership classification. The average Lloyd's in our sample does al- 
most 4196 of its direct business in commercial multiple peril and the 
average mutual does about 1496 of its direct business in auto physical 
damage.” Hence, there appears to be considerable line specialization 
by ownership class. 

In our analysis of the corporute demand for insurance we have ar- 
gued that it is important to hold things like the lines in which the firm 
operates constant in order to examine the impact of size, business 
concentration, geographic concentration, Best's rating, and ownership 
structure. However, we suspect that the line-of-business data reported 
by Best's ure not ideal for our purpuses. One problem with the data is 
aggregation: Best's data treat ull fire insurance policies, for example, as 
having identical risk factors. This poses potential problems in the inter- 
pretation of our results that we discuss in more detail below, 


IV. Evidence from the Reinsurance Market 


Ownership structure, We first examine whether, consistent with our 
hypotheses, the ratio of reinsurance ceded to total business varies 
across ownership structures. These tests have low power because they 
do not control for potentially important variation in company size, 
business concentration, geographic concentration, Best's rating, or 
lines of business. However, because the tests are simple pairwise com- 
parisons, they allow us to use nonparametric as well us parametric 
statistics, Consistency between the parametric and nonparametric re- 
sults strengthens our confidence about the parametric regression re- 
sults that follow, where we control for the other factors. 

Table 4 contains three regressions of reinsurance activity on own- 
ership class dummy variables (intercepts are omitted to avoid singu- 
larity). Regression | employs the total sample of 1,276 companies to 
estimate the mean reinsurance ratio for each ownership class. Regres- 
sion 2 also employs the full 1,276 insurance company sample but 
includes additional dummy variables indicating group membership and 
interactions between group membership and ownership classification. 


18, One of the 26 lines of business reported by Best's (miscellaneous) was originally 
omitted to avoid singularity in the regression nintrix for analysis on the enlire sumple of 
insurance companies ( 1.276). Since none of the 330 firms in the final sumple (which omits 
subsidiaries and group members) write business in reinsurance or internaliunal those 
two lines are also omitted in the analysis of that sample. i 

19, Regulution is likely to account for sume of the observed line-of-business concen- 
tration in Lloyd s, The state laws authorizing American Lloyd's frequently provide that 
only certain types of insurance may be written by Lloyd's groups. | 
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a Regression 3 employs the subsample of 330 compunies that excludes 
Ë o o 2 E - 2 subsidiaries and group members. ae f 
2 z 5 x m ele 3 5 Each regression indicates that reinsurance ts a significant fraction of 
F ! i 38 i ? total business for all ownership classes. The extremes appear to be the 
$ S | ng: : 1394 < 8 Lloyd's associations in regression 1, with a mean ratio of .88, and 
8g 5 Sc ` [358 à 3 the widely held (nonsubsidiary/nongroup) stock companies from re- 
qe e _ _ _ E E: g 2 gression 3, where the mean ratio is .15, From regression 2, group mem- 
aa se g|3232323| >i i : 3 bership increases the reinsurance ratio by 27% for widely held stock 
Ps SSE) a dit Š E aS © is subsidiaries. Three (out of 10) interaction terms between group 
ji =" = a Es : 5 membership and ownership classification have statistically significant 
$3 > - res HER: negative coeflicients, but in all three the interaction term coefficient 
FE: Zx$|nzu8s8488 Š i I SRE point estimates are less (in ubsolute value) than the significant positive 
ao ins) 4.2 — OS] 2-2 34 3 coefficient estimate on group membership. Thus, group membership is 
° ws 2 E Efe generally associated with larger apparent usage of reinsurance. Regres- 
2 3 = 253383 i 9 à ¿5 3 sion 2 also suggests, ut least weakly, that subsidiaries purchase more 
Pz &i2|4 eee ce T = “SS tas - 25 reinsurance than do nonsubsidiaries, even controlling for group mem- 
90 E AS 9 T TT EE 3 ird 330 bership. The nonsubsidiary ownership classifications all indicate lower 
63 2 i13 5 s mean ratios than their respective subsidiary counterparts. An uddi- 
dE Po2|2$8n8 tF iii tional implication from comparing mean ratios from regression 3 with 
È 3 ET A “2 t A 8 à Š those from regression | is that subsample mean ratios appear close to 
E E 24 E ye those from the full sample (except for the Lloyd's associations). Thus, 
t , i3 g/aSehss . 1i 5 s at least based on the mean, the subsample appears representative of 
3 x š = e er” š E E š š the full sample for the nonsubsidiary ownership clusses; group mem- 
ta Ë E m m 33 ë 23 bership appears most important for subsidiary companies. f 
e || s 3 | SAeRaE . 1 32 fs Table 5 contains pairwise comparisons of mean and median reinsur- 
38 233 = ei i: F 3 ance activity for the alterngte ownership clusses. The tests are two- 
23 pu x iy PRSE ó sample t-tests with unequal variances for the means and Wilcoxon two- 
$4 3831928898 . E 13 E š $3 sample (Mann-Whitney) tests for the medians (see Siegel and Castellan 
< § EE S 617 * TE Bae j 1988). Panel A of table 5 reports tests for the full sample of 1,276 
i3 s: Eo ú : š Pr S companies, and panel B reports the results fur the subsample of 330 
Es a EAS | y Be Ba š 3 nongroup/nonsubsidiary companies. While the mean and median tests 
is | Š gla x i X i 333 3 provide reinforcing implications, the significance level typically is 
= 3 E «o 7 BRS «25 & lower for the median. 
A esla8 Fagge Hj i | The table 5 evidence suggesis strongly that Lloyd's associations 
a> u ; | $ $i" d | Ga E Š spend a larger proportion of their premiums on reinsurance than any 
E | pá < d 41$ $t 3 3 other ownership class. Also, there is weak evidence that widely held 
E > š | 03979898 i ss 8 $ (nonsubsidiary) stock companies spend a smaller proportion of their 
F i 3 anan p* Cl ae 32 E š premiums on reinsurance than other ownership classes. These results 
3 e š E E da E 3 E 3 3 are consistent with our ownership-structure hypotheses. Finally, from 
š ^slaSeSsERE| $13 54 š 3 panel A, there is evidence that subsidiaries purchase more reinsurance 
E Pa E pt e HT 2d E š » ii § than nonsubsidiary firms. For example, except for the Lloyd's, mutual- 
* 54| = de. = HE 3 š owned stock companies have larger mean and median reinsurance - 
š Pl E ë bs Ë ratios than any other nonsubsidiary ownership class. This increase in 
- E EE š 3 $i E the reinsurance ratio for subsidiaries and group members is consistent 
ty 4 | 8 Ë 13 À i-d" with the use of group business pooling arrangements. If our data al- 
E sei. woe $ | £23 
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en reinsurance purchases where the rein- 
he same group and purchases where the 


firm obtains reinsurance from outside the group, then we could control 
more effectively for these group problems. Howcver, without thal 
data, our most effective tests must focus on the subset of 330 non- 
group, nonsubsidiary firms. 

Size concentration and Best's rating. In table §, we examine the 
impact of ownership structure on reinsurance purchases without con- 
trolling for other factors. In table 6 we examine the effects of size, line- 
of-business concentration, geographic concentration, default risk, and 
organization/ownership structure on reinsurance purchases. We report 
three regressions: regression | contains the size, line-of-business con- 
centration, Best's rating, and geographic concentration measures as 
independent variables; regression 2 adds the ownership class dummy 
variables; and regression 3 adds the percentage of business written in 
each of 23 lines of insurance as control variables." 

We omit the widely held stock ownership class dummy variable from 
regressions 2 and 3 to avoid singularity. Thus, the r-stutistics for own- 
ership class variables test whether the mean ratio for the ownership 
class is different from the widely held stock mean ratio. We also exam- 
ine pairwise tests of the equality of estimated ownership class cochi- 
cients from regression 3 and report these F-statistics at the bottom of 
table 6. 

Again, Lloyd's appear lo have a larger ratio of reinsurance to total 
business premiums than other ownership classes: the F-statistics from 
table 6 range from 17.08 to 30.96 and the t-statistic of 5.80 from regres- 
sion 3 are all highly significant. However, part of this difference may 


reflect the fact that Best's data do not differentiate well between insur- 


ance business where the cash flows are more uncertain and where they 


are not. 
There is also strong evidence that widely held stocks reinsure less 
than closely held, single-owner, and association-owned stocks: the t- 


statistics for these comparisons are significant at least at the .05 level. 
ratio of reinsurance lo total 


Moreover, there is weak evidence that the 

business is smaller for widely held stocks than for any other ownership 
class: the widely held/reciprocal test has the largest p-value of any 
widely held stock test, and it is .147. There is also weak evidence that 
single-owner stocks reinsure more than mutuals and reciprocals. 


lowed us to distinguish betwe 
surer is another member of t 


20. In table 6, regressions 2 and 3 imply restricti 
independent variables. As a specification check, we employ an analysis of covariance 
where our ownership classification variables are interpreted as treatments and other 


variables are covariates. Tests for interaction effects between the ownership classes and 


tine-of-business concentration, size, geographic concentration, and Best's rating indicute 


they are not significant at the . I0 level. 


ons on the interactions among the . 
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Classification Dummy Variabl i i i ae 
y es, Size, Line-of-Business Concentration (HERF). Geographic Concentration (LICENSE), and Best's 


C £ R = = + a 
ross-sectional Regressions of Reinsurance Activity (Ratio of Reinsurance Premiums Ceded to Total Business Premiums) on Ownership 
Rati idi 

ating for Nonsubsidiary, Nongroup Subsample of 330 Property/Casualty Insurance Companies 


TABLE 6 


A. Variables 


ri 


R 


F 


Best's 
Rating 


Geographic 
Concentration 
(LICENSE) 


Business 
Concentration 
(HERF) 


SIZE 


Closely 
Held 


Assoc. Single 


Recip. 


Lloyd's 


Intercept Assoc. Mutual Assoc. Owned Owner 


Regression 
No. 


l 
23 
39 


13.80 
11.10 
7.26 


- 015 
(~2.76) 
zii 
(— 2.38) 
-.014 
(-2.41) 


— .003 
(-3.21) 
- 007 
( - 2.16) 


— .003 
( - 3.00) 


= .079 
(— 1.75) 
— .013 
(7.29) 


— .129 
( - 2.43) 


- .049 
(- 5.91) 
-.033 


- 055 
( - 6.60) 
( - 3.62) 


031 
(.S3) 
131 
(2.22) 


058 

(.94) 

.149 
2.44) 21 


.114 
(1.87) 
.112 
(1.96) 


115 094 
(2.36) — (1.66) 
-084 077 
(1.81) (1.45) 


547 
(6.31) 
ATS 
(5.80) 


1.211 
(8.84) 
-967 
(6.57) 
1.053 


(5.58) 


1 
2 
3° 


B. Tests of the Equality of | ip. i sion 3 (F 
of the Equality of Ownership Classification Coefficients for Regression 3 (F-Statistic/P-Value) 





Closelv 
Held 


Single 
Owner 


Assoc. 
Owned 


Recip 
Assoc, 


Mutual 


Ownership 
Classification 


Lloyds assoc. 





30.96 
(.0001) 


Mutual 


Recip. assoc. 


Assoc. owned 


Single owner 


NoTE — | p. ATE abbre ation . i | 


companies. The SIZE variable is the log of total admitted assets. HERF is the Herfindahl 


tat 
Td 


he number 


R, is the 


business concentration measure. and LICE i i 
n š NSE is the negative of t 
the null hypothesis that all coefficients are identically cid lo zero 
lable from the authors. 


line-of- 
in individual lines of insurance. Thus. this regression includes an additional 23 variables, one for each of the 


® Regression 3 controls for the percentage of business written 


lines of insurance in table 3. W ien i 
' 3. We omit the coefficient estimates and r-statistics for those variables; however. they are avai 


of states i ; i i 
tes in which the businesses are licensed. F indicates the value of the F-statistic under 


adjusted RŽ. 
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The evidence in table 6 also suggests that size, line-of-business con- 
centration, geographic concentration, and Best's rating have a signifi- 
cant negative impact on the demand for reinsurance. ‘The significant 
coefficient on our geographic concentration variable implies that the 
real-service efficiency argument (which implies a negative coefficient) 
is quantitatively more important than the sum of the other effects 
through taxes, expected bankrupicy costs, and investment incentives 
(which all imply positive coefficients). Reul-service efficiencies also 
imply negative coefficients for size and line-of-business concentration, 
but for these variables the signs of the other effects (except for bank- 
ruptcy costs on size which is also negative) are ambiguous. Thus, our 
tests do not allow us to identify a dominant factor in explaining the 
signs and significance of size ‘and line-of-business concentration as 
explanatory variables for reinsurance demand. 

We do not report coefficients and t-statistics in table 6 for the 23 line- 
of-insurance variables that are included in regression 3 since none of 
our hypotheses are related to the magnitudes of any of the coellicients. 
However, the importance of including these control variables should 
be obvious from an examination of the reported statistics; for exumple, 
the coefficient on line-of-business concentration is insignificant unless 
variables controlling for the percentage of business written in individ- 
ual lines are included. More directly, the importance of including these 
variables can be assessed by observing that the adjusted R? in regres- 
sion 3 is substantially larger than in regression 2 (.39 vs. .23) where the 


variables are not included. 


V. Conclusions 


The examination of reinsurance purchases by 1,276 property/casualty 
insurance companies provides evidence that ownership structure mal- 
ters. Generally, the less diversified the owners' portfolios, the greater 
the reinsurance purchases. Thus Lloyd's reinsure most, while widely 
held stocks reinsure least, Moreover, subsidiary and group relations 
affect the demand for reinsurance. Subsidiaries and group members 
reinsure more (although our data do not allow us to distinguish be- 
tween intragroup transactions and reinsurance transactions with exter- 
nal companies). 

We also provide evidence that size, credit standing, and geographic 
concentration reduce the demand for reinsurance and weak evidence 
that line-of-business concentration reduces reinsurance demand, as 
well, Our estimated negative effect of geographic concentration sug- 
gests that the real-services argument is quantitatively important. The 
substantial explanatory improvement we obtain in our cross-sectional 
regression, by including the percentages of business written in the 
individual lines, indicates the importance of controlling for variation in 
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operating characteristics ucross lines of business for explaining varia 


tion in reinsurunce purchases, 
TA w ure "iw potentially imporlunt limitations to our analysis: 
ie power of our tests is reduced by our lack of information about 
the tax status of individual firms. (2) More powerful tests could b 
designed if we had independent estimates of the operating cash fl à 
volatilities of each line. (3) Our data are aggregated into lines of in d 
ance; while within lines, policies are alle 
their riskiness. With more detailed information about the risks of t» 
specific policies sold by particular firms, tests with greater power a : 
possible. (4) Our data do not distinguish between ne E 
chases where the reinsurer is another member of the same grou mid 
purchases where a group member obtains reinsurance from ia ele a l 
reinsurer, With such data, more powerful tests employing li s 
sample of firms are possible. | abel 
Our original motivation for this article was to provide eviden 
the corporate demand for insurance. For industrial firins, the si ` of 
the partial effects of ownership structure, credit standing ha die 
should be direct corollaries of our insurance industry results ‘Similarly, 
we expect the industrial firms’ insurance demand to Var! with he 
operating churacteristics of their business. However, we dubi that b 
demand for insurance by noninsurance firms is related to their i. 
graphic or line-of-business concentration. If data on industrial time 
B peii purchases were available, then other proxies for E 
ps Voss A M M costs, and investment incentive 
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CHAPTER 4 


THE PRICING OF INSURANCE CONTRACTS E 


An insurance contract is a promise to pay future losses that may arise. 
What is the value of that promise? In one sense, the value is indicated by 
the price people are willing to pay for that promise. In another sense, the 
value is indicated by the price at which others are willing to sell the 
promise. Price, it seems, provides a measure of what the insurance policy is 
worth. In this chapter, we will start to examine insurance prices or 
premiums.  Amongst the questions that vill be raised are the following: 


* 


REPROGRAPHICS RQ 


How will the insurance company set its prices? 


How will these prices vary between policyholders with differing loss 
expectancies? 


p 
k... 


In setting the price, how do we cope with the fact that losses are 
uncertain and will arise sometime in the future? 


What price would prevail if the insurance market is highly competitive? 


What is the minimum price necessary to keep an insurance company in 
business? 


wnat effect will the investment income of the insurer have on the prices 
of its insurance policies? 

We will address these questions in the following sequence. First, we 
present the general principles that permit the firm to set its prices to 
maximise profits. The profit maximising prices will then be shown to 
discriminate between individual policyholders according to their respective 
loss expectancies. Such discrimination is in part supported by, and in part 
constrained by, statute law. The general pricing problems for mutual and 
reciprocal firms will then be addressed. The chapter continues by looking at 
the practical systems adopted by insurers (classification and individual 
rating) to derive appropriate premiums. 


Premium or price setting for the insurer gives rise to another problem. 
The various cash flows in a contract are uncertain and arise at different 
points in time. Discounted cash flow techniques are presented to value such 
cash flows. These techniques are then adapted to insurance pricing. 


To sét the wheels in motion, we vill consider a very simple problem of how 
any firm (not necessarily an insurance firm) would seek to set its prices. 


PRICING FOR THE PROFIT MAXIMISING FIRM 





An Illustration for the Non-Insurance Firm. 
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Our firm produces widgets.” The firm, we assume, is in business to 
maximise its profit which is defined to be the difference between revenue and 
cost. The decisions we shall address concern the quantity of widgets to 
produce and the price at which to sell. In fact, these are not separate 
decisions at all. If the price is set by the firm, the customers will decide 
how much they wish to purchase at that price. In other words, the firms faces 
a'demand curve for its product. The more expensive are widgets, the less 
people will be inclined to purchase. But the firm can increase the volume of 
its sales by lowering the price. The demand curve is shown in figure l. 


Table 1 shows the hypothetical information for the firm. First, notice 
that the demand curve slopes downwards as in figure 1. The firm can raise its 
price but it will suffer a decline in the quantity it can sell. The next _ 
feature of interest is the cost of production. Notice that the. total cost of 
production rises, quite naturally, as the number of units produced rises as 
shown in column 2. But the rise in costs is not proportional to the number of 
units produced. You may wish to calculate the average cost per unit by 
dividing the total cost by the number of units. This will reveal that average 
costs declines for a while as output increases then starts to rise again when 
output exceeds six units. Now the marginal (or incremental) cost shows the 
amount by which costs increase as we add another unit to output. Now let us 
look at the revenues and profit. The total revenue is simply the total income 
from sales; i.e. price times quantity sold. The marginal (incremental) is 
simply the addition to total revenue from adding another unit to output. 


The firm, by assumption wishes to maximise profit. Of course, we can see 
the answer straight away in the final column. If six units are sold at a 
price of 9.3 per unit, the profit is at a maximum at 15.8. But let us examine 
the pattern in marginal cost and marginal benefit that leads to this profit 
maximising output level. Look, for example, at the quantity four units and 
consider what would happen to marginal cost and marginal revenue if we : 
increased the quantity from four units to five unics. Marginal cost is $5 and 
marginal revenue is $8. More has been added to revenue than to cost therefore 
the profit increases by $3 as shown in the final colummn. Clearly, there is 
benefit from increasing output from 4 to 5 units. If we increase output from 
5 to 6 units, again marginal revenue exceeds marginal cost, by $0.8, and this 
increase in output increases profit. But increasingoutput again from six to 7 
units adds $7 to costs but only $5.8 to revenue; profit consequently falls by 
$1.2. The pattern is clear. We should continue to increase output as long as 
marginal revenue exceeds marginal cost but only up to the point at which they 
are equal. The profit maximising output occurs where marginal cost equals 
marginal revenue. Increases in output beyond this point reduce profit since 


marginal costs exceed marginal revenue. This is a well known decision rule in 
economics. 


E A Q“ = x Q“ u 


l. This is the technical name for a device that prevents economicf-textbooks 
from falling apart 


2. This pattern shows increasing returns to scale up to six units and 
decreasing returns to scale thereafter. 


a 
ba 
1 


These ideas are illustrated in Figure 2. In the top part of the diagram, 
the marginal cost and marginal revenue schedules are graphed from the data in 
table 1. Also shown is the price or demand line. The intersection of the 
marginal costs and revenue lines does not occur exactly at 6 units (there is a 
small issue of discrete units of production). The lower part of the Figure 
plots the profit at different levels of output. This peaks at 6 units which 
is directly adjacent to the intersection of the marginal cost and revenue 
curves. We will now use these ideas to look at insurance and in doing so we 
will repeat the decision rule. Profit is maximised at the level of output at 
which marginal cost equals marginal revenue. 


b Price Discrimination for the Insurance Firm. 





We happened to be talking about widgets in the above example. The 
analysis would be the same if we had been discussing the pricing of 
automobiles, radios, fertiliser, bank deposits or insurance policies. As long 
as we measure price and output correctly, the golden rule (marginal cost - 
marginal revenue results in a profit maximising solution) applies in each 
case. 


= =. = = + = 
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Figure 1 


The Demand Curve for Widgets 


\ demand 


-------------- >quantity 


Table 1 


Calculation of the Profit Maximising Price and Output 


aF 


Units Total Incremental Price Total Incremental Profit 
Sold Cost or Revenue or 
Marginal Cost Marginal Revenue 
$ $ | $ Š 3 Š 
1 10 10 12 12 12 2 
2 18 8 ii.3 22.6 10.6 4.6 
3 24 6 10.7 32.1 9.5 8.1 
4 29 5 10.25 &1 8.9 12 
5 3& 5 9.8 &9 8 15 
6 40 6 9.3 55.8 6.8 15.8 
7 &7 7 8.8 61.6 5.8 14.6 
8 55 8 8.4 67.2 5.6 12.2 
9 64 9 8 74 4.8 8 
10 74 10 7.6 76 és, 2 





Now let us use these ideas.in the following problem. There are two groups 
of potential clients for the insurance firm; high risks and low risk. We may 
think of the high risks as bad drivers seeking automobile insurance and who 
have a high probability of generating a loss. Low risks, by contrast, are 
good drivers who have a low loss expectancy. The costs of doing business for 
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Figure 2 


Tlustroation of Margin 


93 = == = = = 











* = 





Cost = Marginal Revenve Rule 


Marginal 
Cost. 


Demand 


Marg nal Revenue 





r Profit Maxiin itatoa 





the insurance firm mainly comprise the costs of settling claims. Thus the bad 
risks will impose higher costs on the insurance firm. This difference is 
represented in Figure 3. The left side shows the bad risks and the right side 
shows the good risks. Marginal cost curves are shown revealing the bad risks 
to impose considerably higher costs on the insurer than the good risks. The 
demand curves for each group and the marginal revenue curves also are shown. 
For simplicity, these curves are identical; at a given ratio of premiums to 
expected losses each group would buy an equivalent amount of insurance. 


Given these two groups of potential clients, what is the profit maximising 
strategy for the insurer. The marginal cost = marginal revenue rule can be 
applied separately to each market. This shows that quantities Q. and Q. 


should be sold to the bad and good risks respectively. But at what prices? 
The demand curves show that Q, should sell at price P. and that Q should sell 
at P . Separate prices should be charged to the two groups in ordËr to 
maxiflise profit. The bad risks should be charged a higher price than good 
risks. To get a different perspective on this consider the effect of charging 
the same price for the two groups. Intuition suggests that a common price for 
the two groups would lie between P, and P , say at P*. But we know that any 
price other than P, would yield less than?the maximum possible profit in the 
bad risk market and that any price other than P would yield less than the 
maximum profit in the good risk market. Conseq&ently, P* yields lower profits 
in both markets than the separate prices. 


(c).Is Price Discrimination Supported or Restrained in Law? 


This analysis shows that insurers have a profit incentive to charge their 
clients different prices according to differences in their respective loss 
expectancies. This principle may be called actuarial discrimination. It is 
not the same thing as discrimination in the civil rights sense though there 
may be some overlaps. Say, for example, men have a higher expected value of 
loss than women. This is generally the case when considering mortality rates 
for life insurance or in considering the accident probabilities of young 
people seeking automobile insurance. The actuarial considerations would imply 
that insurers would seek higher premiums for men than for women. But a civil 
rights law might mandate the same premium. There is clearly a conflict. But 
the conflict is not simply between the profit of the insurer and social 
equity. There are other considerations. A common premium would create a 
subsidy from low risk women to high risk men. Moreover, this subsidy will 
make insurance relatively expensive for the low risk group and cheap for the 
high risk group (relative, in this case, to the expected value of loss for 
each group). Thus an adverse selection problem arises that results in a 
strong demand for insurance in the high risk group and a weak demand in the 


low risk group. In the extreme, this process might drive the good risks out 
of the market. 


Societies express social values in their laws. With respect to insurance 
pricing there are conflicting values. Most States generally support the 
concept of actuarial discrimination. For example, consider the following, 
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from Pennsylvania” 


Risks may be grouped by classification for the establishment of rates and 
minimum premiums. Classification rates may be modified to produce rates 
for individual risks in accordance with rating plans which establish 
standards for measuring variations in hazards or expense provisions, or 
both. Such standards may measure any differences among risks that can be 
demonstrated to have a probable effect on losses or expenses. 


The legislative endorsement of actuarial discrimination in Pennsylvania is' 
not unusual. Most states have similar law. This is explicable simply by the 
view that bad risks should "pay their way" and not be supported by subsidies 
from the good risks. This objective is often referred to as the requirement 
that insurance rates be "not unfairly discriminatory". This phrase is widely 


_ used to convey the notion that 


people with the similar expected losses and imposing similar expenses 
on the insurance firm should be charged similar prices 


people with different expected losses and imposing different expenses 


on the insurance firm should be charged different premiums reflecting 
these differences 


The term "not unfairly discriminatory" conveys the same idea as ¿actuarial 
discrimination". The following is an extract from Wisconsin Law 


One rate is unfairly discriminatory in relation to another in the 

same class if it clearly fails to reflect equitably the differences in 
expected losses and expenses. Rates are not unfairly discriminatory 
because diffent premiums result for policyholders with like loss 
exposures but different expense factors, or like expense factors but 


different loss exposures, so long as the rates reflect the differences 
with reasonable accuracy. 


But overlying this view of discrimination is another which not only 
affects insurance contracts, but extends across all economic activity. The 
use of factors such as race, religous preference, sex, age or marital status 
to distinguish people when making economic contracts has been thrown into 
question. Most agreement is found in the use of race and religous preference 
where Federal and State statutes prohibiting discrimination abound. The other 
factors, sex, age and marital status are all sensitive areas in which one 
finds selective legislaion but widespread debate. At this time these factors 
are widely used in insurance ratemaking but are under challenge. 


= 2 = e = + m 
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3, Pa. Stat. Ann. tit40, Sec.1183(c)(1971). A good presentation of these 
issues is given in McNamara [1985]. 


4, Wis. Stat. Ann. Sec 625.11(4)(1980) 
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(d).Price Discrimination, Moral Hazard and Adverse Selection 


In the previous chapter, two potential problems for insurance markets were 
discussed; moral hazard and adverse selection. In extreme cases, each of the 
problems could prove fatal to the insurance market. But in less than extreme 
cases moral hazard represents a resource cost that is borne by all j 
policyholders and adverse selection makes insurance either less available, or 
more expensive, for good risks. Are there any antidotes for these problems. 
In principle, there are. If policies are each priced according to loss 
expectancy, then both problems saould disappear. 


Moral hazard arises when the presence of the insurance policy deters the 
policyholder from those activities that would reduce. the probability or 
severity of loss. There is little incentive for safety if someone else foots 
the bill for the loss. But premium discrimination implies that loss reduction 
and safety is rewarded in the premium. The policyholder does have an 
incentive to instal a sprinkler or to drive safely if such behavior will 
reduce premiums either now or in the future. Consider a simple example; 


dkeseek oko dee dodekcketeicicickekekdoicieieieiekieeiek 1 LLUS TRAT LON XE ERE KEE KER EEEEEEKERE ede fee dede eee dede e 
Scene l. The Board Room 
Ihe Pyro Nuts Co is deciding to instal a sprinkler that costs $250,000. 
Ihe expected lifetime of the sprinkler system is estimated to be ten years. 
Ihis will reduce the expected value of future losses to the firm from 
an annual estimated cost of $250,000 per year to an estimated $150,000. 
On the face of it, this seems a good investment. Spending $250,000 now and 
making an annual saving of $100,000 for the next ten years. But the firm 
is full insured and the directors reason that it is unwise to spend $250,000 
so that the insurance company's claim costs can be reduced. 


Scene 2. Still in the Board Room 

In the nick of time, the risk manager who had been on the factory floor 
fighting dangerous housekeeping practices, lax safety procedures and oiling 
the automatic fireproof doors, bursts into the board room holding the firm's 
fire insurance policy high in the air. "Did you know the Prudent will reduce 
our premiums by $100,000 if we instal sprinklers?" 


Scene 4. Coming out of the Board Room after having decided to instal the 
Sprinkler System | 7 
The Chairman puts his arm around the risk manager's shoulder and says’ "You 
know Jenkins, I've had my eye on you for some time. I would like you to come 
around for dinner at the weekend and meet the family." 

KKK IKK KKEE IARI EERE EERIE EEA IA AAKA RIERA EEE REE EEEEE ERATE 


This example is a little outrageous but it does illustrate that insurance 
premiums which are related to loss expectancy will convey incentives to the 
policyholder for loss prevention. But actuarial discrimination also reduces 
the adverse selection problem. Adverse selection arises when a-common premium 
is charged to policyholders having different loss expectancies. Under these 
circumstances, insurance will be relatively unattractive to the low risk 
individual but relatively cheap to the high risk individual. For the latter, 
the premium is subsidised. This practice will induce many low risk 
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individuals not to purchase insurance leaving the insurer with a 
disproportionate number of bad risks. But if the insurer is able to, and is 


‘permitted to, distinguish between the individuals and charge each a-separate 


premium, the problem disappears. 


The effectiveness of insurance pricing systems in combatting moral hazard 
and adverse selection depends on the ability of the insurer to measure 
differences in loss expectancies between different policyholders. Presently, 
we will address the practical issues in rating. In the meantime, the pricing 
problem for a mutual is considered. 


PRICING FOR A MUTUAL INSURANCE FIRM 


The investors in a stock insurance company invest in order to secure the 
most attractive rate of return on their capital investment. CTrofit 
maximisation is generally consistent vith this objective. But what about the 
mutual or the reciprocal insurance firm? There are no shareholders, the 
equity being supplied by the policyholders. If these firms make profits, they 
are simply taking transfering money from the policyholders back to the 
policyholders; they pay extra in premiums only to receive it back in the form 
of dividends. | 


Since the existing policyholders own the firm, then a plausible objective 


for the mutual is that it maximise the welfare of the existing policyholders. 


These policyholders are interested in having adequate insurance protection at 
an attractive price. But since the mutual may pay a dividend, the effective 
price to the policyholder should net out any expected dividend. 
Unfortunately, we are not aware of any formal research on the pricing 
strategies of mutuals, but we should be able to make some rather general 
statements. Consider the following thoughts. 


all equity to the mutual must be provided by the policyholders 


the policyholders do not want the firm to become insolvent since 
any outstanding claims would not be fully paid 


the higher the level of equity, the lower than probability of 
insolvency 


the policyholder does not wish to pay a large premium at the beginning 
of the contract 


nevetheless, if premiums as a whole do prove to be more than adequate 
‘to pay losses and to provide for future equity needs, a dividend 
will be paid to the policyholders 


low risk policyholders will not wish to subsidise high risk 
policyholders | 


= =o 


These thoughts seem to lead to the following conclusions. Mutuals will 
price their policies to cover the expected loss but the price must also 
include a contribution to the equity of the firm. The firm will pay dividends 
when it considers the equity to be more than sufficient to provide a 
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reasonable probability that the firm will remain solvent. Policyholders will 
be willing to pay a reasonable contribution to equity to keep the firm 

. financially sound. But if the firm charges too much up front, it vill lose 
its policyholders who will probably now find it preferable to go to stock 
insurance company. The we would expect the mutual to charge premiums that 
were sufficient to cover expected claims and provide a reasonable margin for 
equity. The premium must perform a "balancing act" between the need to keep 
the price competitive and the need to provide sufficient equity. The mutual 
would also be expected to provide premiums that discriminated between high and 
low risks subject, of course, to the constaints of civil rights legislation. 


RATING SCHEMES 


Considerations of both economics and fairness indicate that insurance 
prices should discriminate according to differences in loss and expense 
factors within the constraints imposed by civil rights legislation. Insurers 
use two main devices to allocate different premiums to different 
policyholders; these are classification and individual experience. 


(a)Classification and Insurance Premiums 
A A SS insurance rremiums 


For many purposes in life we stress the similarities between people and 
for other purposes we stress differences. When putting together an electoral 
register, we will count all adults who are citizens (any differences are 
irrelevant for this purpose). When imposing income taxes, we require that all 
people whose defined income (net of allowable deductions) is in a certain 
range, to pay similar taxes. But for other purposes, the differences are 
vital. It is not sufficient to know that a white male in his early 30's 
committed the crime, we wish to know which particular white male. Or, if I am 
"choosing" a wife, it is unecessarilly democratic to classify all single 
females in the required age group as equally suitable. 


In setting insurance premiums, we would ideally like to know the expected 
costs which each individual imposes on the insurance firm, both expenses and 
claims. But this is not a practical proposition. An extensive examination 
cannot be made of every individual. This would be prohibitively expensive. A 
compromise usually is reached by classifying policyholders into sub groups of 
fairly similar individuals. This is achieved by identifying observable 
features of the policyholders that are thought to be related to their loss 
expectancies. For example, mortality rates are known to be strongly related 
to age and sex. Thus life insurance premiums are Set by classifying 
policyholders into subgroups comprising the same age and sex. The premium is 
then set for the subgroup usually based on the aggregate loss experience for 
that subgroup. This is illustrated below in the following extract from a life 
insurance classification scheme. 





uc use 





Each cell in the matrix represents a subgroup. For example the cell 
marked “x" comprises 24 year old males. Within this class, individuals are 
treated similarly. 


Similar classification schemes are used in other lines of insurance. For 
automobile insurance, the insurer may use the following set of variables 
(actual practice does vary) 


age, sex, Marital status, garage location, use of vehicle and mileage. 


and, for fire insurance on commercial property; 


use of property (industrial classification), structure, fire protection 
(sprinklers, fire alarms etc), location, materials stored etc.. 


Classifying risks in this way, represents an attempt to provide a rating 
system that is roughly discriminatory across individual ppolicyholders and yet 
which is economic to operate and makes best use of statistical data in 
inferring loss probabilities. To be useful, the factors used for 
classification must be correlated with the incidence of loss and must be 
observable. Take age and sex in life insurance. Both age and sex are easily 
observable (fortunately, in the interests of privacy, we do not need direct 
observation on either variable). Most of us would accept that age itself is 
causally related with mortality rates. Sex may not have any direct causal 
relationship with mortality. But the association between sex and mortality 
rates is very strong. Perhaps sex is acting as a proxy for other factors in 
the causal relationship such as differences in the lifestyles of men and 
women. But these underlying factors, whatever they may be, may be more 
difficult to observe. Thus sex serves as a useful practical rating factor. 
In general, it is not necessary to establish a causal relationship to make a 
rating factor useful. | | 


(b).Individual rating 

| Sometimes, individual features of a risk that are not necessarily. 
associated with other groups of policyholders, are used in insurance pricing. 
A good example is experience rating. Having established a premium for an 
insured by use of some system of classification, the premium may be adjusted 
in relation to the individual policy claim experience. Two branches of 
insurance in which experience rating is extensively used are automobile 
insurance and workers' compensation insurance. For example, in automobile 
insurance, many insurers have a set of internal rules to increase the premium 
if the individual policyholder has a certain number of claims within a given 


period. Alternatively, the premium may be reduced if the loss experience is 
favorable. | 


In Europe, these "no claims discount" schemes are even more extensively 
used and the premium adjustment rules are made known to the policyholder. An 
example of such a scheme may be 
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10% discount from basic premium if no claim in preceding year 

20% discount from basic premium if no claim in preceding 2 years 

30% discount from basic premium if no claim in preceding 3 years 

40% discount from basic premium if no claim in preceding 4 years 

50% discount from basic premium if no claim in preceding 5 or more years 


if one claim in the year, the insured moves back one place in the scale 
if two or more claims in the year, the insured moves back to the basic 
premium | | 


Such schemes sometimes try to distinguish between claims that were not the 
fault of the policyholder and those which were. Others make no such 
distinction, penalising all claims according to the rules of the scheme. 
While many American automobile insurers do have procedures for rewarding or 


penalising individual experience, they usually are not as formal as the above 
example. 


In the automobile insurance examples, claim experience determines future 
premiums. If the policyholder does not like the premium being charged because 
of his past loss experience, he can always try to find another insurer that 
will offer a more favorable contract. In other lines of insurance, such as 
worker’s compensation and general liability insurance, the claim experience 
for the year is used to adjust the premium paid for the year. This sounds a 
little strange; premiums are paid in advance and, of course, the loss 
experience is not known until after the policy year. Such contracts contain a 
provision for a retroactive (retrospective) adjustment of the premium. The 
policyholder can be levied an additional charge or given a rebate depending on 
the loss experience for the policy. 


DISCOUNTED CASH FLOW ANALYSIS AND INSURANCE PRICING 


a).The Competitive Price for an Insurance Contract 





The profit maximising price for the insurance company has been presented 
and we have discussed how mutuals might approach the pricing problem. There 
is another price concept that is extremely important in insurance markets, the 
competitive price. There is considerable debate about whether the insurance 
market is competitive.” If we accept that it is, then it would follow that 
firms would not consistently make large profits. On average they would make 
sufficient profit to keep them in business and provide.a reasonable return for 
the equityholders. If firms made excessive profits, new entrants would come 
in seeking their place in the sun. But the new competition would tend to 
drive down prices. On the other hand, if prices did not offer at least a 
reasonable rate of return to shareholders, firms would leave the industry. 

The resulting shortage of supply would tend to drive prices upwards. Thus 
prices would tend to settle at a level that promised sufficient, but not 
excessive, profits to existing firms. Such prices are competitive prices. 


Many would disagree that insurance markets are competitive. Amongst this 
group are the advocates of price regulation. But even for this group, the 
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5. see Joskow [1972] and Harrington [1984] 


idea of a competitive price is important. If market forces fail to bring 


competitive prices then, the argument goes, regulators might. Most regulatory 
‘laws aim to set prices at the levels that would prevail under competition. 


The competitive price, thereby, becomes the standard for the regulator. If 
the regulator is empowered to set prices he(she) may estimate what price would 
have prevailed under competitive circumstances. | | 


There is a third reason to look at the competitive price. If an insurance 
company's managers are thinking of entering a new market, or leaving an 
existimg insurance market, they meed some idea of how profitable that market 
is likely to be. Clearly if they can expect no profit, there is little point 
in being there. Conversely, with excessive profits, there is every point in 
being there. Much depends on the level of prices that can be charged. The 
competitive price is the "bottom line". If the firm is unable to sell 
reasonable volume at this price then it will be unable to offer its owners an 
adequate return on their investment. This is not to say that the firm may 
want to charge this price. It may be able to sell many policies at a higher 
price and make super profits. But the competitive price does become a 
guideline. 


What are the features of the competitive price? 


the competitive price is that which would prevail under highly competitive 
market circumstances 


the competitive price is sufficient to deliver a positive, but not 
excessive, profit to the firm E 

the competitive price offers the shareholders (equityholders) an adequate, 
but not excessive, expected rate of return on their equity investment 


the competitive price is sufficient to maintain the existing capital base 
for the insurance industry but it is not sufficient to attract new capital 


the competitive price is usually the target price for regulators 


the competitive price is the bottom line for a stock firm when pricing it 
policies : 


the competitive price sets the guideline for a firm in deciding whether to 
enter into,or exit from, an insurance market. 


The competitive price, it seems, is central to our understanding of 
insurance markets! How can we determine the competitive price? 


Up to this point, we have glossed over two of the most important and 
interesting issues that arise when setting prices for insurance policies. 
First, the payout under the-insurance policy is not known when the policy is 
priced. The whole purpose for the policy is that the loss is uncertain. How 
can our pricing policy cope with this uncertainty? Second, any losses that 
may be paid under the policy vill be paid in the future but the premium is 
paid in advance. How can our pricing policy cope with cash flows that arise 
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at different points in time? These two issues are central in determining the 
competitive price. The solutions lies in Discounted Cash Flow Analvsis. 


(b) Discounted Cash Flow Analysis (DCF) 


It is generally believed that most people have an inate preference for the 
present over the future. We are myopic. If offered one dollar today or the 
promise (with certainty) of one dollar next year, we generally prefer the 
dollar today. Since money indicates purchasing power, this implies that 
present consumption is more valuable than future consumption. This idea is 
known as time preference. Time preference explains why interest rates are 
positive. If a person is to be induced to lend his money, he must be offered 
some compensation to overcome this time preference. That compensation is 
interest. Time preference also explains why the borrower is willing to pay 
interest. The borrower gains use of money now but has to repay in the 
future. Time preference indicates that he would be willing to give up more 
than a dollar in the future to gain access to today's dollar. 


(b).i. The Net Present Value. 


Given pervasive time preference, cash flows arising at different points in 
time have different value. The earlier a cash flow, the greater its value. 
The interest rate therefore becomes a rate of exchange between cash flows at 
different points in time. Just as we have rates of exchange to convert 
British pounds and Japanese yen into U.S. dollars, so too we have rates of 
exchange to convert dollars that might arise in one or two years time into 
today's dollars. This rate of exchange is the interest rate or, more 
generally, the discount rate. If we had a basket of foreign currencies, we 
would choose to convert it all to one currency (perhaps dollars) to ascertain 
its value. So with time preference we convert all cash flows to a single 
point in time (usually the present) in order to ascertain their total value. 
Thus we often talk of the net present value of a set of cash flows. 


dd ILLUSTRATION Rd 


If you have $1 now and you are promised $1 in one year, what is the total 
value of your wealth. To solve this, we need to know the discount rate. Time 
preference, we assume, is measured by a discount rate of 10%. All the cash 
flows must now be converted to the same time, e.g. the present. The $1 you 
already have is already a "present dollar" and needs no conversion. But the 
promised dollar comes in a year and needs to be discounted to give a present 
value | 





net ! 
present value = (one dollar) + (one dollar discounted one year) 
(NPV) 
-- $1 ^ o" ami I e 
- 51 + (1 + 0.1) 
šh S1 + $0.91 
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- 91.91 


‘The same technique can be used to discount more distant cash flows. Thus with 


$1 now and $1 for each of the next three years, the present value is 


$1 $1 $1 


(1+0.1) (140.1)? (140.1)? 
The method also can be used with negative cash flows. Consider the following 


set of cash flows to be discounted at 10 


NPV = $1 + 





Time Cash Flow Present Value 
ct cty(i+k)? 
0 200 = 200.00 
1 1000 -1000/(1+0.1), = 909.09 
2 200 200/(1+0.1), = 165.29 
3 -500 -500/(1+0.1), = -375.66 
“4 -400 -400/(1+0.1) = -273.21 
net present value 525.51 
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Thus, to calculate the present value, we sum the discounted values of the 
caso f! gus ferese Ae in FOES ir.ttitpeti mashawasically.as follows. C 


NPV = Co + i: is + c, / (+k) 


+ C¿/(1+k) E ura aba: 


* zc /(1+k)* 


(b).11. The. Internal Rake oF Return." 


Discounted cash flow analysis may be used to calculate the net present: 
value of a set of cash flows or the internal rate of return on those cash 
flows. The internal rate of return is an implicit discount rate earned on the 
cash flows.  Technically it is defined as the discount rate that equates the 


6. Those wishing to use this technique extensively should riote'tliát^ problems 
sometimes arise such as multiple internal rates of return. These issues are 
dealt with in most basic capital budgeting textbooks 


101 


cash flows to a zero net present value. 


dckesekedekejedeickeickedekekedeiee eee ILLUSTRATION nice ` 


Consider the following set of cash flows. The net present value is 
calculated using various discount rates. ' 








time cash flow present value at discount rate: 

0% 5% 10% 15% 208 
0 -1243 -1243 -1243 -1243 -1243 -1243 
1 500 500 476.2 454.5 434.8 416.7 
2 500 500 ESTO 513.2 378.1 347.2 
3 500 500 431.2 315.7 328.8 289.4 





net present value 
(rounded) 237 118 0 -101 -190 





As the discount rate increase, the value of the future (positive) cash flows 
falls. The current negative cash flow of $1243 is, of course, unaffected by 
the discount rate. Consequently, the net present value of the stream of cash 
flows declines as the discount rate increases. At a discount rate of 10%, the 
net present value is zero. Thus 10% is the internal rate of return. The set 
of cash flows outlined is equivalent to investing funds at 10%. To see this 
consider making an investment of $1243. Would this exactly sustain three 


successive annual income instalments of $500. Yes it would. Consider the 
following balances, 


Year beginning of year end of year 

0 invest 1243 (1243) times (140.1) = 1367.3 
less 500 = 867.3 

1 balance 867.3 (867.3) times (1+0.1) = 954.03 
less 500 = 454.03 

2 balance 454.03 (454.03) times (140.1) = 499.5 
less 500. = zero 
(approximately) 


Subject to the rounding error, the investment does sustain annual payments 
of $500 if the interest rate is 10%. In other words, we may think of the 


internal rate of return as the implicit interest earned on the set of cash 
flows. 


dee kekok e kekok kekok opeke EREEER EERE EEE EER EREREREEEER EEE EERE EEE ERE RERERER EERE 


(b).iii. Risk Adjusted-Discount Rates = ise 


s £5 a 
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Having coped with the timing of cash flows, we must now address risk and 
uncertainty. Future cash flows are rarely, if ever, certain. Insurance cash 
flows, in particular, are highly uncertain. Most policies pay: nothing to the 
policyholder simply because no loss is sustained. But, if a loss is 


sustained, it may be minor or serious. Thus there is a whole range of 


possible values which might be paid under the insurance policy and neither the 
insurer not he policyholder know in advance what the payment Will turn out to 
be. There is an exception to this statement. A life insurance policy might 
be held until the eventual, and inevitable, death of the policyholder. But 
even in this example, the timing of the payment is not known. 


In Chapter 3, the demand for insurance was explained by assuming the 
people were generally averse to risk. If presented with a certain payment of 
$100 in one year's time or a 50% chance of $200, payable at the same time, the 
risk averse person will go for the certain $1. From the earlier discussion, 
the risk averse person prefers a certain outcome to an uncertain outcome 
having the same expected value. This observation provides the clue for 
dealing with risk when valuing the cash flow. If we were to discount the 
expected value of a cash flow to give a present value, we would overvalue the 
cash flow (assuming it to be a positive cash flow). Replacing the cash flow 
by its expected value is to treat an uncertain cash flow as though it were 
certain. But an adjustment can be made in the discount rate to reflect the 
uncertainty. 


doceo KERR KEE EK EAE EEEREKK  LLUSTRAT LON EXER EE HEE ERK KER ER KER EK EERE EERE EERE 
Consider the folowing example; 


The present value of $100 for certain in one year, given a discount 
rate of 10% is 


= 


PV = $100/(1+0.1) - $90.91 


Now consider a gamble involving a 50% chance of $200 to be paid in one 
year. The expected value is $100 but we know that it is worth less than 
the $100 for certain. The distaste for risk can be reflected in the 
discount rate. Suppose that the discount rate is increased to 13%. The 
present value, adjusting for risk, is; 


PV = $100/(1+0.13) = $88.50 


The new discount rate is the risk adjusted discount rate 


KKK KKK EERE REE EERE ERE EEEER EEE EREERERE EERE EREREEERERREREREEE 


This is a standard method of dealing with risk. The expected values of 
the cash flows are used, but they are discounted using risk adjusted discount 


rates. Just how the adjustment for risk is made will be considered in later 
chapters. 


= = ae G G G 
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ESTIMATING THE COMPETITIVE PRICES FOR INSURANCE CONTRACTS © 


Lh i5. 
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(a). Insurance Cash Flows 


(i)Premiums and Expenses. Most insurance policies require the payment of 
the insurance premium “up front." Payment is normally required for the policy 
¿to come into effect. The insurance firm therefore has money on hand to pay 
for up front expenses such as marketing and underwriting costs and the payment 
of commissions to agents and the establishment and keeping of records. After 
meeting these expenses the insurer then establishes a reserve from which 
future claims payment can be met. But the reserve is an internal accounting 
device used by the insurer; it is not a cash flow. We are only concerned with 
cash flows into, and out of, the firm. 


Sometimes, one encounters exceptions to the prepayment of premiums. For 
example, premiums may sometimes be payable in instalments (e.g., on personal 
automobile policies). Another exception is the retroactive rating often 
encountered in liability insurance contracts such as workers compensation 
insurance. With these contracts, a premium adjustment is made after the 
contract has expired. The adjustment depends on the loss experience of the 
individual policy or of the group in which it is classified. 


(ii).Claim Payments and Claim Settlement Expenses. The remaining major 


cash flow is the loss payment. For the individual policy the loss payment is 
uncertain both in timing and usually in amount. For example, with a policy 
covering my house, I may have a loss any time within the year during which 
cover is contracted and the loss, if it arises, may be a small or large 

value. For the insurance firm which has a large number of policies, the 
effects of diversification brings more predictability in the aggregate of lost 
payments. Thus if the portfolio is large enough and if losses have a low 
correlation, the insurer will have a steady and predictable outflow of loss 
payment to make. 


In addition to paying the claim, the insurer usually incurs expenses. _ 
Often the loss must be investigated and negotiated. Sometimes; the insurer 
must pay salvage expenses or lawyers fees to settle a third party liability 
claim. The settlement expenses are usually incurred in the time leading up to 


settlement and depend, to some extent, on the occurence and size of the 
claim. 


(iii). Other Cash Flows. Probably the major cash flow not covered is 
taxation. In writing policies, the insurer incurs tax liabilities which also 
must be anticipated. There may be other minor cash flows that arise in 
particular cases. But only if the items in question are cash flows is it 
proper to use them in discounted cash flow analysis. We have mentioned that 
reserves are not cash flows and should be counted. Similarly, depreciation is 
a similar accounting concept that does not correspond to cash flowing into, or 
out of, the firm. Discounted cash flow analysis means what it says! Only 
cash flows that enter or exit the firm should be accounted. Just because an 


accounting entry appears somwehere does not necessarily mean that there is a 
cash flow. 


b 





le Example of Premium Calculation Using Discounted Cash Flow 
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For the simple example, consider a homeowners policy. The policy runs for 
one year, thus losses may arise on any one of the 365 days of cover. As a 
first approximation, let us assume that a loss is equally likely one each of 
the 365 days and further simplify things by suggesting that, on average, the 
loss will arise six months after inception of the contract. Given a further 
delay of say two months for the filing and settlement of the insurance claims, 
it transpires that the insurer holds the typical dollar: of premium (net of 
expenses) for eight months before paying the loss. The expected value of loss 
under the policy is $200 and the monthly interest rate is 0.5%. Expenses, 
which are incurred at inception, are $30. Simple use of DCF establishes the 
present value of the contract. 


PV = (-30) +  (-200) 4 = $222.18 
(1 + 0.005) 


Discounted cash flow analysis tells us what a set of cash flow is "worth" 
as a present value. Well, this set of cash flows is worth $222.18. 
Consequently, this would be the competitive premium. 


Another way of looking at this problem is to use the alternative 
discounted cash flow tool; the internal rate of return. Recalling that the 
internal rate of return is the implicit discount rate that yields a zero net 


present value for a set of cash flows, consider the internal rate of return on 
the following; 


0 = ($222.18) + (-30) + (-200) 
(1 + r) 


Where "r* is the internal rate of return. Of course, these are the cash 
flows used in the previous example to calculate the competitive premium. If 
this problem is solved for the discount rate "r", the answer, not - 
surprisingly, turns out to be a monthly rate of 0.05%. There is a clear 
symmetry between the NPV and the IRR. If the premium is set equal to NPV, 
then the insurance contract bears an implicit interest rate (or 1RR) which is 
equal to the discount rate used in calculating the NPV. This discount rate is 
referred to as the “cost of capital" under the insurance contract. The 
insurer has use of the policyholders’ funds for eight months and the cost of 
using these funds is 0.5% per month; thus the term “cost of (insurance) 
capital." The cost of capital will become important later when considering 
issues such as the optimal leverage of an insurance firm. 


The same basic ideas can be used to estimate competitive premiums for more 
complex insurance policies. Allowance can be made for the prospect that 
losses are not paid on a preassigned date, but may be paid at any future 
date. The method also can be used for insurance policies in which payments 


may be made many years into the future, such as life insurance or medical 
malpractice. 


(e) c) Frequent Payout 
& more useful way of describing the prospective losses on the policy 


described above recognizes that losses may arise early or late in the policy 
life. Thus, instead of attributing the expected loss of $200 to one point in 
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time, (i.e. six months into the policy life plus two months settelment 
delay), it may arise in any of the twelve months for which the contract runs. 
Recognizing the two month delay in filing and settling claims, and assuming 
that the probability of loss is equal in each month, then the expected value 
of payout in the third month (loss arises in month one but is settled two 
months later) is $200 divided by cwelve = $16.7: and in the fourth month it is 
$16.7; and so on. The expected cash flows on the policy may now be presented 
as follows 


month | cash flow 


1 -30 

2 0 

3 -16.7 
G -16.7 
D -16.7 
6 -16.7 
7 -16.7 
8 -16.7 
9 -16.7 
10 -16.7 
11 -16.7 
12 -16.7 
13 -16.7 
14 -16.7 


The competitive premium now may be calculated as the present value of this set 
of cash flows. For convenience, we assume that the cash flow in each month 
takes place on ine first day of that month. 


Competitive Premium = 30 + 0/(1,+ .005)* 
+ l5.7/(1l  .005) + 16.7/(1 + .005) + i... 


+ 16.7/(1 + 005) }*. 
= $223.07 


The difference between the premium calculated here ($223.07) and that 
calculated earlier ($222.2) is small, but it is instructive to know why there 
is any difference at all. The difference may be accounted for by two 
factors. In the first place there is a rounding error. The expected loss of 
$200 was divided by twelve and then simply rounded to give $16.7. Greater 
accuracy could be obtained by using more decimal places. More substantially, 
the second calculation gives a more accurate picture of the timing of the cash 
flows. Given non zero discount rates, one dollar payable after eight months 
does not have the same present value as equal payments of 1/12 of a dollar 
spread over months three to fourteen. To see this second point more clearly, 
simply compare the payment of $2 at the end of one year with the payment of $1 
immediately and $1 after two years. With a discount rate of 10%, the 
respective NPV's are $1.81818 and $1.82645. Thus it should be clear that the 
more accurately we represent the payout pattern over time, the more accurate 
the premium calculation will be. So our example would have yielded greater 
accuracy with weekly or even daily payout data. But this additional accuracy 
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would be achieved at a cost in terms of greater complexity and in terms of the 
higher costs of frequent data collection. Thus premium calculation requires 
that we trade off accuracy with cost and complexity when settling on the 
timing of the policy cash flows. 


Normally, an insurance firm will not set a premium separately for each 
individual policy but will set premium rates collectively for groups of 
policies that are similar in terms of their loss characteristics. For 
example, the premium rates will be set collectively for the population of 
insureds of a given age and sex. In such a setting, the insurer must set the 
premium such that total premiums are sufficient to cover total loss payments 
and give the insurer an adequate return on its investment. The insurer will 
have to make many loss payments on each cohort of policies. For example, some 
10,000 policies written in January might be expected to give rise to claim 
payments in February, March, April, and so on. Thus we can set the premium by 
estimating the expected claim payments month by month into the future. 
Consider, for example, that from the 10,000 policies written in January the 
insurer expects to be settling fifty claims each month for the next fifteen 
months. The settlements run over year because of settlement delays. On 
average, each settlement is expected to cost $500. With expenses at $10 per 
policy, the NPV of the cash flows is | 


14 
50 x -$500 
NPV = (10,000 x -$10) + ac š 
1 (1 + .005)* 


= -$460,415 


This layout assumes that loss settlements arise on the first day of February 
and monthly thereafter for-the next fifteen months. If the policies are 
assumed to be identical, the insurer can recover the total of $460,415 in 
equal premiums per policy of $46.04. The competitive level of premium is 
therefore $46.04 per policy. 


LIFE INSURANCE PREMIUM CALCULATION 


(a) Term Life Insurance - Single Premium 


The basic ideas for calculating the competitive premium for life insurance 
and for non life insurance are identical. Each application simply requires 
discounting of the expected cash flows at an appropriate discount rate. 
Differences in application arise largely because non life contracts usually 
run for one year or less but most life insurance contracts remain in force for 
many years and require payments of successive annual premiums. Calculations 
over many years do get more complex. But the good news with life insurance is 
that the calculation of the expected values of loss payouts is usually much 
easier since the value to be paid in the event of loss is agreed contractually 
(often at a fixed sum). Moreover, estimation of the probability of loss 
usually is easily extracted from mortality tables. 


The two basic forms of life insurance are term insurance and whole life. 
Other forms that you may have heard of, such as Universal Life, are usually 
one or other of these two types combined in a financial package with some 
investment vehicle such as a mutual fund. Term insurance is simple insurance 
protection for a stated period, say one year. If the insured dies in the 
period, the loss is settled and the policy expires. If the insured survives, 
no loss is paid and the policy expires at the end of the period. In contrast, 
whole life offers continuous protection up to the inevitable demise of the 
insured whenever that might eventually occur. Unless the policy is cancelled, 
say by non payment of premiums, ultimate payment of the policy money is 
certain. The only uncertainty is when the insured will die and thus when the 
claim will become payable. Usually, whole life premiums are constant year by 
year in spite of the fact that mortality risk usually increases with age. 


To proceed with our excursion into life insurance rating it is useful to 
have available a mortality table. In the Appendix, the CSO, 1980 Standard 
Mortality Tables are reproduced. These will be the required basis for life 
insurance rating by 1989. The features of the Table will become apparent in 
our rating examples. 


Consider a three year, single premium term insurance with a face value of 
$1,000 for a male age thirty. Under such a contract, the policyholder will 
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pay a single premium up front and will receive three years life insurance 
protection in return. If he should die within the three years, the policy 
will pay $1,000. The Mortality Table shows that the probability of death in 
the first year for a thirty year old male is 0.00173. If he survives the first 
year (for which the probability is 1.0 - 0.00173 = 0.99827) then there is a 


-probability of 0.00178 of his dying in the second year. Similarly, if he 


survives the first two years (probability = (1.0 - 0.00173) x (1.0 - 0.00178) 
= 0.99649), then there is a probability of 0.00183 that he will die in the 
third year. In rating the policy, we can use these probabilities directly to 
calculate the expected cash flows under the policy. 


Ihe task now is to estimate the expected values of cash flows under the 


policy. First, we will make things simple by assuming that, if the insured 


should die in any year, he will die on the last day of the year (New Year | 
parties are particularly violent). A second useful thing to remember is that | 
people only die once. Thus, if the policyholder is to die in the second year, 


he must first survive the first year of the policy. Thus, to find the 


probability of death of the policyholder in the second year of the policy we 


must multiply the probability that he will survive the first year (0.99827) by 


the probability of death in the second year assuming that he has already lived 
through the first year of the policy (0.00178). Similarly, the policyholder 
has to survive the first two years (probability 0.99649) to have the dubious 
priviledge of facing death in the third year. Using these ideas, the NPV of 
the policy is 


(0.00173)(-$1,000)  (0.99827)(0.00178)(-$1,000) 
NPV = | dS eus 
—————————— ————————M——————— 
(1 + 0.1) (1 + 0.1) 


(0.99827) (0.99822) (0.00183) (-$1,000) 


—_——_—_: y). ———v- .. Š 
(1 + 0.1) 


+ 


= -$4.41 


Thus the competitive premium for this three year single premium term 
policy is $&.&1 payable at the beginning of the contract. 


(b) Term Life Insurance - Annual Premiums 


Life insurance policies come in all shapes and sizes. As in any other 
product market, individual producers may be able to secure market advantage by 
differentiating their product from those of other producers or by offering a 
range of products each aimed at buyers of different profile. Thus it is 
difficult to say what is a standard term life policy; each has different bells 
and whistles attached. But our concern here is with the basic principles of 
pricing, not with showing every conceivable pricing formula for every 
conceivable policy. If the basic priciples are laid down, they should be 
adaptable to most product innovations. Thus we will continue with another 
fairly basic idea, that of annual premiums. 
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A quick glance at the mortality tables will reveal, that after the initial 


surge of infant mortality, death rates tend to increase with age, accelarating 
in pace from middle age. Consider the implications of this pattern if the 
three year term insurance descibed above was to be financed, not with a single 
premium, but with three annual premiums payable at the beginning of each of 
the policy years. The Simplest way to achieve this is to calculate each 
annual premium from the mortality rate for that year. Given the mortality 
‘Yate between ages 30 and 33, the respective annual premiums would be (remember 
that premiums are payable at the beginning of each year whereas losses are 
assumed to be payable at the end of each year); 


Year 1 (0.00173)($1,000)/(1 + 0.1) = $1.57 
Year 2 (0.00178)($1,000)/(1 + 0.1) = $1.62 
Year 3 (0.00183)($1,000)/(1 + 0.1) = $1.66 


The quick witted may have anticipated that there should be some 
relationship between these annual premiums and the single premium calculated 
earlier. It might seem that the NPV of these annual premiums should be 


identical to the single premium. This turns out to be the case. The NPV of 
the annual premiums is; 


NPV = $1.57 + $1.62/(1+0.1) + $1.66/(1+0.1)? 
- $4.41 


which is the same as the single premium payable immediately. 
(c) Level Premiums 


In the previous example with annual premiums, the premiums increased as 
the insured became older and the mortality rate correspondingly increased. If 
this form of term insurance were the only form of life insurance available, it 
is clear that we all would be faced with prohibitively high premiums as we 
became old and, perhaps, most in need of the insurance protection. - When we 
most needed protection we would be least able to afford it. Another type of 
insurance policy addresses this issue; the level premium contract. Level 
premiums can be illustrated with a simple term contract but they become 
central to the understanding of whole life contracts. For illustration we 
keep with the thirty year old male seeking three years protection, but now the 
task is to calculate an annual premium payable at the beginning of each of the 
three years. The catch is that the premium must be the same value in each of 
the three years. The calculation must also recognize that the policyholder 
may not survive to pay later premiums i.e. if the policyholder dies in the 
first year he will not pay the second and subsequent premiums. 


The idea is quite simple though the actual calculation can become messy. 
We must set a constant premium, call it P, for which the expected NPV is equal 
to the single premium, bearing in mind the probabilities that the insured vill 
survive to pay each of the respective premiums. Using the notation S, for 
the probability that the insured will survive from age "i" to age "ini Le 
appropriate formula is; 
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-(NPV of the expected cash flows (which is e 
- NPV of the expected level annual premium p 


eiT 


qual to the single premium) ) 
remium payments. 
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The NPV of the level annual premiums is: 


30,31 30,32 
NPV(pemiums) = P + ------------ + #2222 sore 
' (1 + r) (1 + r) 
= -(NPV(cash flows))- 
which can be solved for P as follows 
-INPV(cash flovs)) 
P - --— ————————P— 
330,31 330,32 
l + -------- + ------ g^" 
(1 + r) (1 + r) 
The simplest and most accurate way to obtain any survival probability, S. is 


to divide the number alive in year j by the number alive in year i. Fora! 
thirty year old male, the chances of surviving to ages 31 and 32 can be 
calculated using the CSO 1980 Mortality Tables; 

530,31 = 9,563,425/9,579,998 = 0.99827 

330,32 = 9,546,402/9,579,998 = 0.9964931 


Returning to the problem of a three year term policy for a thirty year old 
male, we can now calculate the level annual premium with the above formula; 


4.41 
P uow LL NA ad... AA oe Io aniaeb ad 
0.99827 0.9964931 
e vh LRA FO ud s. 5" 
(1 + 0.1) (1 + 0.1) 
= $1.615 


Comparison of the level annual premium with the earlier varying premiums 
example, it will be seen that the level premium is higher than the one year 
premium during the first year and lower than the one year premium during the 
third year. During the second year, the one year premium and the level 
premium are somewhat similar. What happens is that the level premium causes 
the early premiums to subsidise the later premiums. In early years, the 
premium is more than sufficient to reflect the mortality rate. The surplus in 
these years, together with any investment income from investment of the 
surplus, can be used to keep the later premiums low despite the high mortality 
rates in the final years of the policy.The early surplus premium together with 
investment income subsidizes the deficient later premiums. 


In our three year example, the value of the subsidy is small since the 
period is short and there is little difference in the mortality rates between 
ages 30 and 33. But if the policy were to continue for, say 20 or 30 years at 


= dae A eee 
NR ls 


= 95 = 


112 


years which could be used to keep the later premiums relatively low in spite 
of the high mortality incidence during those later years. The surplus which 
is built up under the level premium principle is known as the legal reserve. 
The idea is illustrated in Figure 4 





Figure & 
premium ` 

£N 
| 
| l 
i yearly renewable 
| premium 
| 
| 
| 
| build up of 
| excess premium 
| in early years 
| MERE > 
| level premium 
| = 
RENE a 
| 
A o oaoo====----->y8a2ars from 

inception X inception 

of policy of policy 


The legal surplus built up under level premium policies carries some 
implications for the design of policies. Clearly it would be silly if 
insurance compnies could cancel policies whenever they chose. If so the 
insurance company would simply allow the policyholder to pay a level premium 
for a number of years then simply cancel the policies when the surplus was at 
a maximum. This would be tantamount to theft of the reserve from the 
policyholder. Similarly, the policyholder would be severely penalised if he 
or she were to cancel the policy in the early years since the subsidy would be 
lost. For these reasons longer period level premium policies, particularly 
whole life policies to be discussed next, contain surrender value provisions. 
Should the policyholder choose to cancel he or she may be able to recover part 
of the accumulated reserve. The amount that may be recovered is known as the 
surrender value. But this is digressing a little from the calculation of 
premiums. 


(d) Whole Life Insurance Premiums 


In describing a term policy with a level premium and in discussing a very 
long term for cover, we have come very close to describing a whole life 
policy. If a whole life policy was undertaken for a long enough period at a 
level premium, the policyholder is certain to die during the period of cover. 
Assuming the policyholder choses to renew the policy each year, the prospect 
that the insurer will pay a claim is certain, the only doubt is when. Such a 
policy is a whole life policy. Thus, in effect, the whole life policy is an 
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early subsidy and typically, the insured has the right to cancel the policy m 


and to recover the surrender value. In practice, there are contractual rules 
for deciding how much should be recovered and these will take account of the 
insurer's expenses (which are typically loaded up front) and of investment 
earnings. 


In trying to determine the value of a whole life policy, and therefore in 
determining its premium, one problem encountered is in determining a boundary 
on the life of the policy. If the policy is to remain in force over the life 
of the insured, we must discount the expected cash flows over the prospective 
lifetime, i.e. we must determine the expected cash flow for each year in the 
future. At what point do we stop. Clearly there is no point in looking at 
the expected cash flow when the insured reaches the age 200 since the 
probability of reaching that age is as close to zero as we may imagine. More 
reasonably, do we stop at age 105, or at 110, or where. Theoretically, we 
should stop at the age for which the probability of living an extra year is 
zero. Of course, we do not know this age. Even if there were no documented 
evidence that anyone had survived beyond say 110, this would not imply a zero 
probability for someone breaking the record. This problem has been solved in 
a quaint and convenient, though somewhat arbitrary, fashion. 


On examining the Commissioners' Mortality Tables, it appears that no-one 
lives beyond the age 100. According to the Tables the probability of death in 
one's 100th year (for both males and females) is 100%. Of course this is 
untrue. This is not a creation of that sinister, but fictitious, club the 
"Actuaries Euthanasia Society". Rather, it does serve as a convenient 
approximation given the very low probabilities of surviving to ages beyond 
100. Thus survival probabilities beyond this age are approximated at zero. A 
nice corollary which is consistent with the use of such tables, is that the 
whole life insurance policy will pay the face value at age 100 even if the 
insured is still alive. 


The convenience of terminating the Mortality Tables at 100 permits the NPV 
to be calculated on cash flows up to that age, bearing in mind a) that those 
surviving to 100 receive the face value, and b) that a level premium will be 
paid by those surviving to each future age. With these thoughts in ming, we 
can use the previous analysis for determining the level premiu to be charged 
for a whole life policy. We simply apply the previous practice of setting the 
NPV of expected claim payment equal the NPV of future level premium payments. 


100-t m . (FV) 
NPV(cash flows) - > Cc, otk 
i=l (1 + 1)” 


and 


OT on 


114 





P = 
100-t SL cri 
L + > 
| il , GL + z)” 
where t is the current age of the insured m . is the probability that an 


insured currently of age t will die at age EHI NPV is the present value of 
claim payment P is the level premium S. i is the probability that the 
insured currently of age t will survivé'tó age tti r is the discount rate 


This premium formulation is pretty basic. As mentioned earlier, many 


. policies are designed with individual features. For example, some policies 


only have a limited number of premium payments; others have dividend payments 
which -depend on investment income; etc. Clearly accommodations will need to 
be made in the premium calculation to suit the individual policy. Moreover, 
we have not addressed the policy expenses in order to simplify our 
exposition. The expense cash flows also will have to be added in to derive 
the NPV of payouts under the policy. 


28 5 


CHAPTER 14 
RETURN TO INSURANCE PRICING 


Chapter 12 examined the financial structure of an insurance company. This 
was achieved by tracing the cash flows of the insurer and relating these in a 
simple algebraic model. With this model we were able to identify how much 
profit. the insurer made and what rate of return it was able to deliver to its 
equityholders. The model was then used to see whether the insurer would be 
able to meet its obligations or whether it might become insolvent. The same 
cash flow model is now used for a different purpose. In this Chapter, we 
return to the subject of setting premiums. 


Chapter 4 set the stage for looking at insurance pricing. There insurance 
prices for individual policies were set simply by discounting the expected 
cash flows from the insurance contract at some appropriate discount rate. We 
will now consider how the setting of premiums fits into the overall financial 
famework of the insurer. This will reveal whether any given premium level 
will result in an adequate return on equity. The financial framework reveals 
the effects of leverage and investment income on the selection of premium 
rates. We will also be able to select the appropriate discount rate to use in 
the discounted cash flow analysis. The chapter will go on to examine the 
effects of inflation on premium setting. Finally, the chapter will examine a 
rather curious phenomenon. Insurance prices appear to fluctuate in a cyclical 
pattern. We will see whether the cash flow model can explain this mystery. 


A REVIEW OF CHAPTER 4 


The general principles of insurance pricing were laid out in Chapter 4. 
Competitive pressures would lead towards the classification of risks according 
to their expected losses and/or expenses. Within any risk classification, the 
competitive price could be established simply by discounting the cash flows 
that arise for the insurance company when it iss. s its polcies. The formula 
for the competitive price was: 


Price = NPV - E C, /(1+k)* (14.1) 
where C. is the cash flow (loss/expense/tax) at time "i" 
k” is the risk adjusted discount rate 


This formula was intended to achieve a competitive expected rate of return 
on equity but, in fact, explicit attention was never given to equity. The- 
implied reasoning used there was that all cash flows have an economic value 
which is measured by the usual discounting formula. By trading at this value, 
the insurance company was making a normal economic return. This would be 
sufficient to maintain the supply of equity to the firm since it would offer 
investors a competitive expected return on their investment. But it would not 
be sufficient to yield excessive expected profits. This is not necessarilly 
the profit maximising price but it does show the "bottom line". If the firm 
is unable to maintain this price in the long run, it should close its doors. 


We return to these ideas but now we may focus explicitly on the effects of 


pricing on the return on equity and we may see the effects of investment 
income. 
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WHARTON REP ROGRAPHI 


U.S. CLAIMS COSTS INDEXES VS.CONSUMER PRICE INDEX(CPI) 
(FROM 1967 TO 1986) 


(1967=100) 
YEAR TOTAL AUTO AUTO AUTO W.C. OTHER OTHER GLASS 
AUTO BODI. PROP. PHYS. BODI. PROP. 


1986* 480.7 338.3 451.9 410.9 615.4 932.9 406.5 320.9 
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THE FAIR OR COMPETITIVE PREMIUM; HISTORICAL VIEWS 


In a regulatory context, the level of prices which would prevail in a 
competitive environment has become the main yardstick. Regulators of 
property-liability insurance companies, utilities, airlines and other 
industries have tended to view the competitive price as the ideal. But even 
in a non regulated environment, the competitive price is an important concept 
since it provides a barometer of how efficiently the market is working. The 
competitive price also tells the managers of an insurance firm how much they 


must charge in order to deliver an acceptable return on equity to their 
equityholders. 


In regulatory circles, the competitive price is often referred to as the 
"fair" price. Fair is a normative concept but it conveys the idea that such a 
price is just sufficient to cover the costs of the insurer, including the 
provision for an adequate return to equityholders; but the price is not so 
high as to offer excessive expected return to equityholders. Such a price may 
be considered to be "reasonable" to consumers and to suppliers of insurance 
services alike. Furthermore, such a price would be just sufficient to 
maintain a supply a capital resources to the insurance industry 


in property-liability insurance, it is usual to think of prices in terms 
of their implications for the expected level of underwriting profit. During 
the 1920,s The National Association of Insurance Commissioners recommended a 
standard for underwriting profit of 5$. For several decades this standard has 
been used as a reference point in the commercial setting of rates and in rate 
regulation (though subject to some small variation across lines). To our 
knowledge, there is no theoretical, or other objective reasoning behind the 5$ 
standard, though it has for many years been accepted as a "reasonable" profit 
margin. The use of a 5$ target in rate making is based on expected profits. 
Thus we will restate the underwriting profit as an expected value; | 


Underwriting Profit = {(P - X) - E(L))/P (14.2) 


A 3% profit measure seems eminently reasonable, at least at first first 
glance. But on second thoughts, it becomes curiouser and curiouser. If we 
draw on the analogy between insurance polícies and debt, then the insurer is 
"borrowing" from its policyholders. Normally, with borrowing, the borrower 
pays interest to the lender. But with the 5% margin, the insurance company is 
not only borrowing its policyholders money but is graciously accepting 5% 
interest. The premiums are then invested and the insurer makes a second level 
of income on this debt. Nice work if you can get it. Suppose that the 
investment income was 10%. Does this mean that the insurance company makes a 


return of 15% (5% + 10%) for its investors. Not at all. The riddle gets 
deeper. 


Investors measure their rate of return, not on the premium income, but on 
the amount they invest; i.e. the surplus. Since the insurer usually writes 
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times that amount when related to surplus. Thus what seems like a modest rate 
of underwriting profit could well be a fabulous rate of return on equity. But 
still the story is net finished. Suppose the line is medical malpractice or 
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some other line in which claims typically take several years to settle. The 
insurer does not simply invest the premiums (net of expenses) for one year at 
10% but for several years. Thus, the return on equity is multiplied upwards 
yet again. Quite possibly, an innocuous 5% profit could be a license to print 
money! 


Is this is being a little dramatic? Well let us try an illustration. 


KKKKKKKKKEKEKKEKERERKIAKKIEEEEEEETLLUSTRAT I ON Snes 


We will first use the example to show what expected return on equity is 
implied by the 5% underwriting profit ratio. The Syzygy Insurance Company is 
being kept in line by Stata regulators who wish to impose a price structure 
yielding a 5% underwriting profit. In this example, we assume that there is 
the probability of ruin is zero. This simplifies the calculation considerably 
(But if the assumption were relaxed, the rate of return on equity that is 
estimated will be understated) example uses the following numbers; 


Premiums P $100m 
Expenses X $ 20m : 
Expected losses E(L) S 75m 
Expected return on investment 
E(r) 0.15 
Surplus S (40% of premiums) S 40m 
Turnover cycle n 2 years 


Note first that the equity or surplus has been expressed as a ratio of 
premiums implying that this value is determined as the leverage decision. 
Notice also that these values, when substituted into equation 14.2, yield an 


expected underwriting profit of 5% which is the traditional "reasonable" 
level, i.e. 


Underwriting profit = {100 - 20 - 75}/100 
= 0.05 


Now, in calculating the expected rate of return on equity, bear in mind 
that the insurer is. able to invest the opening cash flows (net of expenses) 
and will earn investment income. Since the turnover cycle is 2 years, the 
funds will be invested for two years before they need to be liquidated to pay 
losses. Using equation 13.7, 


[L + Bey" - 1 = iSeP-XI*E[r]]'-L- S 
S 


[1 + Er ]^ = (40 + 100 - 20)(1 + 0.151? - 80 - 40 
40 


= 0.9675 
Thus, 


a Q 


E(r,) - 0.4027 


The 5% expected underwriting profit, in this case, yields a 40% expected rate 
of return on equity! 
ck dekcdekedesededede dese de eee ke e eee dee dee ded hehe RAKE eek Ra REE 


While this is a simple example, the parameters given are in no way 
outrageous. The issue would seem to be that this level of profit could not be 
sustained in a competitive market. With such an expected rate of return on 
equity investors would flock to this industry starting up new firms; while 
existing firms would try expand their output. Such intense competition would 
drive down the price and, vith it, the expected rate of return on equity. 
This fall in prices will continue until they just offer an adequate return to 
equityholders. If, on the other hand, prices are too low, capital will leave 
the industry in search of higher returns elsewhere. Supply will thereby 
contract and the resulting excess demand will drive up prices until the 
expected return on equity matches that required by investors. 


Some sixty years after the National Association of Insurance Commissioners 
(NAIC) recommended the 5$ standard, an advisory body to the NAIC recognised 
that that it was vithout theoretical foundation. Their report also recognised 


that, to derive the competitive level of premiums, it is necessary to look to 
the expected return on equity. 


SETTING COMPETITIVE PREMIUM RATES 


The cash flow model developed in the previous chapter now can be used tc 
set a competitive price for insurance policies. By definition, such a price 
Will offer the investors who contribute the insurance company's surplus a 
competitive expected return on equity. So let us start with the rate of 
return on equity. This has been calculated in two ways as we have proceeded 
throught his chapter. If there is no default risk, the expected return on 
equity can be-taken from equation 13.7 


[1 *E(r)]"-1-41S-*P-XH(1-*E(r)?-E(D)-s 


S 
(13.7) 


This formula worked without default risk because we did not have to worry 
about megative values for terminal equity T. But with default risk, it was 
necessary to calculate each possible value of T, substituting zero where T 
would otherwise have been negative. This approach was used earlier in the 
example of The Gossamer Insurance Company. Here we will assume zero default 
risk and use equation 13.7 to derive the competitive price. To solve for the 
competitive price it would be necessary to estimate the rate of return 
required by the owners of the firm to compensate them for the risk of holding 
the insurance firm's stock. Rearrangement of equation 13.7 is a little 
cumbersome, but a solution for P results as follows; 


¿& - -- — s s" a: 
= =- 


Ë x S[I((1 + E[rD/Q + E(r)? - 1 


+  E[LI/(1l + Elr]P" + x (14.3) 
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To see the effect of this formula, the previous example of the Syzygy 
Insurance company that was subject by regulation, to the 5$ underwriting 
profit. The premiums of $100m charged by Syzygy for its portfolio implied an 
underwriting profit of 5$ but an expected rate of return on equity of 40.27$ 
What level of premiums would be necessary to secure a competitive return on 
equity and what would the implied underwriting profit be. Suppose that 
investors require an expected rate of return of 17$ to invest in Syzygy. This 
could be derived from the Capital Asset Pricing Model by estimating the beta 
for Syzygy. i.e. 


E(r,) = rg + PE ) = rg] 


From equation 14.3, the relevant premium can be estimated to deliver the 17% 
expected rate of return on equity. 


P - $40m[(C(1l + 0.17)/(1 + 0.15)1* - 1] 
+ S7S5m/(1 + 0.15)* > $20m 
> $78.11m 


You may check this answer by plugging P = $78.11m into equation 13.7 and 
confirming that the expected rate of return on equity is 17%. 


Now consider what rate of underwriting profit is implied by this price. 
Underwriting Profit = {(P - X) - EZ) 1 /P 
= (78.11 = 20 = 751778.11 


= -21.62% 


The underwriting profit required to deliver a competitive rate of return 
to the owners was negative. Or put more succinctly, the competitive rate of 
expected underwriting profit is negative. This seems very confusing. 
Moreover, it certainly perterbs many in the insurance industry. One 
frequently encounters statements in the press or even in the annual reports of 
insurance firms in which attention is drawn to negative underwriting profits. 
The implication often draw is that the insurer is losing money by selling 
policies at such a price. This does not follow. The confusion is in the word 
profit. The underwriting profit is not profit at all. A better analogy is 
that it is the interest rate paid by insurers for their use of "the — 
policyholders’ funds. It would be silly to say that a bank is losing money 
because it pays interest to its depositors. It is equally silly to imply that 
insurers lose money by "suffering" an underwriting loss. 
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Look again at equation 14.3. 


P s (Cl + E[rD/( + E[rD)" - 1] 
+ BILIA + E[rD + x (14.3) 


If it were not for the first term on the right hand side, this formula 
would appear to be identical to that used in Chapter 4 and requoted as 
equation 14.1 above. The second and third terms are simply the discounted 
values of future loss payments and expenses. But there is a difference here. 
The discount rate used in 14.3 for losses is the expected rate of return on 
the insurance company’s investment portfolio. But in chapter 4, we suggested 


using a risk adjusted discount rate which was appropriate to the particular 
risk in the loss payments. 


There is, in fact, no conflict. The rather awkward first term in equation 
14.3 is a correction for the fact that we are using a different discount 
rate. This can be seen most clearly by imagining that the insurance firm was 
able to successfully diversify all insurance risk by the law of large numbers 
and invested in a riskless investment portfolio. Such a stable beast would be 
a riskless insurance company. Investors would require only the risk free rate 
to invest their captital in such a firm. Thus E(r ) = E(r) = r.. The first 
term in equation 14.3 neatly cancels out to zero and we are left with; 


P = E[L]/(1 + E) e “K (14.4) 


This is identical to the approach in chapter 4. The discount rate for 
expected losses is the risk free rate which is quite appropriate since 
aggregate losses are now risk free. 


There is another way of calculating competitve, or fair, insurance 
premiums; using the capital asset pricing model (CAPM). This alternative is 
illustrated in the Appendix to this chapter. In Particular we show there that 


both the cash flow method and the CAPM are compatible and can produce the same 
results. j 


INSURANCE PRICES AND INFLATION 





"Past" and "Future" Inflation 

We will probe deeper into the pricing of insurance policies. In 
particular, we will examine how inflation affects insurance prices. Recall 
that insurance contracts give rise to cash flows at different points in time. 
some of these cash flows are affected by changes in price levels price levels 
after the contract is written. Thus the policyholder and insurer must 
anticipate the effects of FUTURE inflation on the adequacy of their insurance 
contract. We will first clarify the timing of the cash flows under insurance 
contracts and show the affect of changing price levels. In particular we will 
distinguish past and future inflation. We will then show how future price 
changes affect the profitability of the insurance firm and how such changes 
may be anticipated when setting premims. 


"Tx 


122 


An insurance policy provides cover for events that arise in over an 
defined period. . If a loss arises, a payment is made to the policyholder. 
Sometimes, the payment is an agreed sum which is specified in the contract. 
Life insurance usually has such an agreed sum. The sum usually will be 
selected so that the policyholder receives an adequate payment for the loss. 
If price levels change between the time the policy is written and the time the 
loss is settled, the value of the payment will be eroded. In other policies, 
the insurance promise is to pay a sum which is necessary to compensate the 
policyholder for the financial loss suffered. Property and liability 
insurance usually works on the compensation or indemnity principle. Inflation 
is important in these policies since the insurer must anticipate future price 
levels when setting premiums. | 


FIGURE 14.1 
Period Preceding Contract Year Run Off of Claims 
Contract Year 
<------------------ | ——— Quac waa wawa EN S N00 minns >time 
< PAST INFLATION >< FUTURE INFLATION > 
0 | 1 2 
TIME 2 


An insurance claim is settled 
(Note that the loss will arise in the contract period but the 
final settlement of the claim will take place subsequently) 

The adequacy of the payment will depend on price levels at time 2 


TIME 1 

Insurance contracts are written 

Insurers will set premiums | 

Policyholders will determine the adequacy of the value insured 

At this time, policyholders and the insurer will know the CURRENT 
level of prices. But in determining the adequacy of premiums and 
the adequacy of the value insured, they must anticipate FUTURE 
price levels prevailing when the loss is settled, i.e. time 2 


TIME O 


The date on which the previous year's contracts were written. 
Premiums and values insured would have been set knowing time O 
prices but anticipating future price levels. 


Over the whole time period shown in Figure 14.1, prices may change. We 
will separate the period before the contract is written from the period after 
the contract is written. PAST INFLATION describes price changes before time 
l. Past inflation =s not directly relevant in determining premiums to be 
charged at time 1.” FUTURE INFLATION describes price changes after the 
contract is written, i.e. after time 1. The profitability of the insurer may 
be affected by future inflation and expected future inflation is important in 
Setting premiums at time 1. The concern here is with future inflation. But we 
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will see that its effects differ according to whether the policy pays an 
agreed nominal value or whether it offers compensation in real values. 





b 
Values 


Policies Written in Nominal Values and Policies Written in Real 


With some insurance contracts the nominal amount to be paid in the event 
of a loss is agreed in the contract. Many life insurance policies are agreed 
value contracts, though some permit the policyholder to share in the 
investment performance of the insurer in various ways. This investment 
sharing is usually an "add on" to a basic agreed value life insurance policy. 
Some policies for valuables are also agreed value policies. For example, the 
value of an expensive ring or necklace might be agreed at inception, and that 
value will be paid in the event of loss. With such policies, future inflation 
does not affect the amount to be paid. 


With other policies, the policy agrees to indemnify the policyholder 
should a future loss arise. The amount required to provide full compensation 
will depend upon the value or replacement cost etc. at the time the loss is t 
be paid. For example, a policy might cover physical damage to an automobile 
for one year. If a loss occurs towards the end of the policy year, then the 
cost to settle the loss vill depend upon repair costs at that future time. 
Settlements are affected by inflation during the life of the contract. The 
insurer should therefore try to anticipate future inflation when writing the 
contract. The insurer is even more vunerable on liability insurance. Many 
liability claims take years to settle. Thus, when writing insurance contracts 
and setting premiums, the insurer may have to anticipate future inflation in 
court awards for several years from the inception date. 





Future Inflation and Real Valued Policies 


We will introduce the issues by way of example. Consider first a world 
without inflation. For each dollar of premiums, the insurer holds 50 cents 
surplus. Losses are expected to be $1.05 per dollar of premiums. For 
simplicity, expenses will be ignored, (if you prefer, the premiums may be 
assumed to be specified net of expenses).The insurer invests its reserves at a 
rate of return of 5% and the turnover cycle is one year. The expected 
underwriting profit is; 


(P - ECL)}/P = ($1 -$1.05}/$1 = -0.05 
The terminal value of equity is; 
E(T) = ($0.5 + $1)(1 + 0.05) - $1.05 = $0.525 
which gives an expected rate of return on equity of; | 
E(r.) -  ($0.525 - $0.5)/$0.5 - 0.05 
We now introduce the effects of inflation. Let us define E(L ) to be the 


expected value of losses if these losses were to be settled at the price” 
levels prevailing at the time the contract is written. In the above example, 
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the price was implicitly based on the assumption of zero inflation, i.e. on 
the expected real value of losses E(L ] = $1.05. Now, suppose that, in spite 


oí the expection of zero inflation, it turns out that prices actually rise by 


10% between the writing of the contract and the time of loss settlement. With 
the 10$ inflation rate, the actual nominal value of claim Payments is 
91.05(1+0.1) = $1.155 per dollar of premiums. What does this 10% inflationary 
increase in losses do for the underwriting profit and the return on equity. 
The actual calculated values are; 


(P - L}/P = ($1 - $1.155}/$1 = -0.155 


T = ($0.5 + $1) (1 + 0.5) - $1.155 
= $0.42 
re = -16$ 


Inflation, it appears, takes its toll on the insurance firm! 


However, we can show that there is some inbuild protection from the 
apparent ravages of inflation. Consider that everybody EXPECTED the rate of 
inflation to be 10%. In such circumstances, investors would be unwilling to 
lend money at the 5% expected return assumed above. The expected real rate of 
return would be negative in these circumstances. Rather, investors would 
require an expected rate of return which compensated for expected inflation 
and still offered an adequate and positive real return on their investments. 


expected nominal rate of interest E(r_) would impound both the expected 
inflation rate, E[1], and the required real rate of interest E(r_) in the 
following fashion: 


L+ E[r ] = (1 + E(r ))(1 + E[I]) (14.5) 
In Fisher's relationship, the real rate of interest is assumed to be 


constant over time and we shall Simply refer to this as r If this 


relationship holds, the expected nominal interest rate in'our example would 
be; 


Elr_) = CL 06.05)(1 4-0.1) = 1 = 9.155 
With insurers investing their reserve funds at the expected nominal rate 


of interest of 15.5%, instead of the previous 5%, the expected terminal value 


of equity and the expected rate of return on equity are now recalculated as 
follows; 


E(T) = ($0.5 + $1.0)(1 + 0.155) - $1.155 


= $0.5725 | "ROREM 


sod. a 


and 


E(x.) = ($0.5775 - $0.5)/$0.5 
= 15,54 i 


Do not be tempted to think that the insurer is better off because of 
inflation. The “no inflation" expected return on equity (i.e. the expected 
real return) was 5%. With expected inflation of 10%, the expected return on 
equity is 15.5%. But these are NOMINAL values. The REAL expected rate of 
return on equity is still 5$ as shown by the Fisher formula; 


1+ 0155 = (1-4 r.)(1 + 0.1) 
which gives; 


r = 0.05 
r 


Which is exactly the same real expected return as in the mo inflation case! 


The expected return on equity was unchanged by the introduction of expected 
inflation. 





We will now formalize these ideas to derive a set of propositions 
concerning the effects of inflation on insurance operations. The simple 
pricing formula established in Chapter 4 was 


Price = NPV = > C./(1+k)* | (14.6) 
where C. = expected cash flow at time i 
k = risk adjusted discount rate 


We saw in the last Chapter that this price implied a competitive expected 
return on equity. Think of both the cash flows and the discount rate as 
specified in nominal terms. The discount factor can be broken down into real 
and inflation components as shown in the Fisher equation, 14.5. 


k - EG) = Qsr)Q«EQD) ` ^ (14.7) 


The expected cash flows also may be expressed to reveal the effects of 
inflation. For example, a loss expected in one year is; 


C1 = E(L ) (1+E(1)) 
Thus, on a one year turnover cycle, the competitive premium is calculated as; 


:P = X + E(L_)(1+E(I)) (14.8) 


(148) (1+E(1)) 


= X + ECL ) 


(14i) 


The expected inflation items simply cancel out. The competitive premium is 
the expected real value of losses discounted at the real discount rate. This 
is a very powerful result. It is also an apparently surprising result but it 
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does yield to commonsense. It tells us that insurance firms do not have to 
change their premiums when they think that inflation rates will change. It is 


not necessary to raise premiums when price levels are expected to rise. True, 


the nominal value of expected claims will rise. But inflation expectations 
are also built into expected returns on investment and this changes the 
discount factor. The two effects cancel out. The insurer is worse off by 
virtue of the effect of expected inflation on losses but better off because of 
the effects of expected inflation on premiums. Insurers are hedged against 
the effects of expected inflation. 


There are two important qualifications that must be made to this 
analysis. The first concerns differences between the general rate of 


inflation for the economy as a whole and the specific price indices that 
affect insurance firms. The second concerns the difference between expected 


and actual inflation. 


A price index shows the average changes in prices for a bundle of goods; 
thus the retail price index shows the average change in prices for a bundle of 
consumer goods whereas the wholesale price does the same thing for producer 
goods. To the extent that interest rates embody inflation expectations, we 
would expected these rates to reflect the combined effect of all price changes 
in the economy. However, insurance loss payment are affected by much more 
specific price changes, such changes in the index of liability awards, 
hospital costs or automobile repair costs. There is no reason why the 
specific price changes should be identical to the composite index of which 
they are but a small part. Thus the inflation rates for losses and the 


inflation rate emdodied in the investment expected return may be quite 
different. 


P = BCL) E) (14.9) 
(ltr) (1+E LA) 
where L is the inflation rate for losses rate 


Now, inflation will affect premiums insofar as the general rate differs 
from the specific loss rate. If the latter is expected to be higher, then 
premiums will rise. But, if the general rate is higher than the loss rate 
expected, premiums will fall in spite of the inflationary conditions. Recent 
experience in most property-liability lines of insurance shows that the los 
inflation rate has exceeded the general rise in consumer prices | 


dokiciciciciekeiieicieieieieiioieeiiioioieideeeeeINSERTeeoeoeeL0SS INFLATION >RATES**** 


The second qualification to our analysis concerned actual, as opposed to 
expected, inflation. Contracts are priced vhen they are undertaken even 
thought the insurer does not know how much must eventually be paid in claims. 
While expected inflation may be built into the price in accordance vith 
equation 14.9, the insurer.may gain or lose if actual inflation-turn out to be 
different from that expected. If insurance contracts were priced on the 
expectation of 10% inflation but actual inflation turns out to be 15%, then 
the insurer is the loser. The unexpected component of inflation turns out to 
be a windfall loss to the insurer. But the reverse also could occur. Lower 
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than expected inflation will bring a windfall gain 


ARES kkk ILLUSTRATION AAA cidcid 


. The Equilibrium Insurance Company is pricing its portfolio of property 
policies. The expected losses, if settled at today's prices, are 100, 
expenses are 20 and the firm has 50 in equity. Based on past experience, 
losses have been increasing at a faster rate than the consumer price index. 
The expected inflation rate for losses is therefore estimated at 10$ compared 
with an expected increase of 7% in the consumer price index. The nominal 
interest rate is 12$. Equilibrium sets its prices as follows (equation 14.9), 


P = 20 +  (100)(1+0.1) 
(140.12) 
= 118.21 


Now consider the expected return on equity, assuming that the insurer also 
invests at the nominal rate of 123. 


E(T) = (50 + 118.21 - 20)(1+0.12) - 100(1+0.1) 
- 56 
and ` 
E(x.) = (56 - 50)/50 
= 12% 


But what if the actual inflation rate for losses turned out to be 5% in spite 
of the expected 10%? The insurer would make a windfall profit. The ACTUAL 
return on equity would be; 


T = (50 + 118.21 - 20)(1+0.12) - 100(1+0.05) 
= 61 
and 
r. = (61 - 50)/50 
=- 22% 


The insurer has made a windfall gain. But things could easily have gone in 
the opposite direction. If the inflation rate for losses turned out to be 
15%, you may calculate that the return on equity would have been 1.99%. 





Future Inflation and Policies Written in Nominal Values _ 

We have seen that, with policies that cover real values, the insurer has 
an inbuilt hedge against expected future inflation. Inflation will 
simultaneously increase the expected loss to be paid in the future and the 
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discount rate. The effects offset each other. But it is not a perfect hedge 
since the general inflation expectation impounded in interest rates may differ 


from the specific inflation expected for losses. Moreover, the insurer can 


make windfall gains or losses if actual-inflation turns out to be less than 
(more than) expected inflation. We now consider policies in which the amount 
to be paid is fixed in nominal value such as a life insurance policy. 


Consider a very simple life insurance policy which offers one year of term 
life cover for a fixed premium. Under such a policy, and indeed many other 
life policies, the face value is specified in nominal terms. If the 
policyholder arranges a policy with a face value of $100,000, that is paid if 
he dies. The competitive premium for such a policy is: 


P = X + (probability of death) x (face value) 
(L + x JQ + E(1)) | 


(15.10) 


Inflation only enters the premium calculation at one point; in the discount 
rate. Inflation, after the contract has been written, has no affect on the 
value to be paid since this already has been agreed. Thus when inflation 
expectations are high, leading to high nominal interest rates, insurers will 
tend to reduce their premiums for policies that are denominated in nominal 
values. Conversely, a fall in inflation expectations will tend to reduce 
interest rates, thereby reducing the discount rate in equation 14.10 and 
increasing the competitive level of premium. Nominal valued policies, unlike 
real value policies, are not hedged against future inflation and the premiums 


for such policies will tend bear an inverse relationship to current interest 
rates | 





The Disequilibrium Life Insurance Company is revising its premium 
schedules for term life cover. A one year term with a unit face value of 
$1000 is the focus. Last year, premiums were set on the basis of the then 
current interest rate of 8$. Thus for an individual vith a mortality 
probability of 0.002 and 20 cents expenses, 


*needspace(4 lines) 
P = $0.2 + (0.002) x ($1000) 
(1 + 0.08) 


= $2.05 
Now, interest rates have risen to 12%, reflecting an upward revision in the 
inflationary expectations held by investors. The new premium will be: 


P = $0.2 + (0.002) x ($1000) 
(1 + 0.12) 


- $1.99 = 2 Ko ge eem 


"E T 


This example implies that life insurance firms would be constantly ° 
changing their premiums as changes in inflation expectations affected discount 
rates. In fact, this probably has not been the case, but it does allow some 
insights into recent changes in life insurance markets. It is widely believed 
that insurance company actuaries tend o use very low discount rates when 
calculating life insurance premiums. Such conservative discounting implies 
that life insurance policies do not offer policyholders an attractive 
investment return and life insurance would not fare well alongside alternative 
investment vehicles. This disadvantage to life insurance would be 
particularly severe at times when individuals could invest in capital markets 
at very high expected rates of return. Such a period was the early 1980's. 
The response of the industry was to design new policies, such as universal 
life insurance. These policies include some insurance protection but they 
also offer the policyholder a variable investment benefit that depends on the 
investment performance. In this way, variations in capital market rates 
accrue to policyholders, not so much in changes in the basic premium for pure 
life insurance, but in terms of the value of the investment vehicle that is 
attached to the basic life insurance. 


PROFIT CYCLES IN PROPERTY LIABILITY INSURANCE 


An interesting feature of insurance markets that has puzzled observers for 
many years is the “underwriting cycle". Underwriting profits are not stable. 
But the instability is not a purely random movement. Rather, underwriting 
profits appear to move in a cyclical pattern, with a period of about six years 
to complete each cycle. Much has been written on the cycle in the 
professional literature, though the cycle has only recently been subject to 
serious economic analysis. . The cycle is still not well understood, but we 
shall see that the previous analysis of insurance pricing does give some 
definite insights. 


First, the cycle needs to be defined. The cycle appears to be a non 
random movement in underwriting profits over time. Underwriting profits 
appear to oscillate in a six year cycle. If such a cycle does exist, it is 
clearly not a perfect and regular oscillation. But then again, the movement 
does not appear to be random. Figure 14.2 shows underwriting profits for U.S. 
property liability insurance for the extended period 1955 - 1985. Various 
writers have tested this series using various statistical techniques and have 
concluded that the movement does resemble a six year cycle. . If this 
movement really is a cycle then why does such a cycle exist? 


First, consider what it is that is being measured; the underwriting 
profit. This was defined in the previous chapter, equation 13.5; 


Underwriting Profit = {(P - X) - L}/P 


It should be clear now that this is not a true measure of the profit of 
the insurance firm since it ignores any investment income. But it is also 
important to note that insurers usually record underwriting. profit- using 
undiscounted values.  Premiums are premiums earned duríng the accounting year 
and expenses are those paid duing the year. In each case, no adjustment is 
made for whether the cash flows arise at the beginning or end of the year. 
Similarly with losses. Losses incurred during the accounting year may be paid 
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during that year in which case the payments are recorded. But it the loss is 
unsettled at the end of the year and estimate is made as to its ultimate | 


‘expected cost (usually in nominal values) and this estimate is added to the 


paid losses. Even though outstanding losses may be paid months or even years 
into the future, the outstanding claims estimate usually is an undiscounted 
value. 


Now consider that insurance firms are correctly pricing their policies in 
order to offer a competitive expected return on equity, i.e. they price by 
equation 14.9. For simplicity, we assume that the expected inflation rate for 
losses is the same as the general inflation rate. What is the EXPECTED level 
of underwriting profit? j 


Expected Underwriting = ((P - X) - E(L)(1 + E(1)))/P 
Profit 


= 1l - (+ ECO + ECI)] 


P 
but, since P is defined b is defined by equation 14.4. 


Expected Underwriting = 1 - {A + E(L)(1 + E(1)). 
Profit | E(L)/(1 + r.) 


= - = x 
ECL) (1 + r.) (14.11) 


where r_ is the nominal interest rate and r_ is the real interest rate. Now, 
according to the Fisher theory, the real rate of interest is constant but 
changes in inflation expectations will cause sympathetic changes in nominal 
interest rates. Thus expected underwriting profits would change as nominal 
interest rates change as shown in equation 14.11. Underwriting profit will be 
expected to fall as nominal interest rates rise and vice versa. This is an 
interesting and important result for the following reasons. 





= 


1. Equation 14.11 leads to the prediction that there will be an inverse 
relationship between expected underwriting profits and nominal interest 
rates. This relationship cannot be tested directly since expected 
underwriting profits cannot be observed. We can only observe actual 
underwriting profits recorded at the end of each accounting period. 
However, Figure 14.2 also shows the nominal interest rate at the 
beginning of each accounting year. It does indeed seem that there is 
a tendency to an inverse relationship. More sophisticated statistical 
analysis supports this relationship. 


2. The inverse relationship between nominal interest rates and 
underwriting profit_was established on the assumption that insurance 
policies were priced to give a competitive rate of return on equity. 
Recall that equation 14.9 was used to derive equation 14.11. This 

implies that underwriting profits must move inversely to interest 

rates in order to maintain a competitive rate of return on equi 
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losses is the Same as general inflation rate, the competitive level of 


was shown earlier in equation 14.8. Thus while an increase in nominal 
interest rates would lead to a decline in Competitive rates of 
underwriting profit, (equation 14.8), this would not affect the 
competitive levels of Premium (equation 14.11). Two qualifications must 
be made, First, differences between the expected general inflation rate 
and the expected loss inflation rate may require some adjustment to 
premiums. This was Shown in equation 14.9. Second, if the policy is 
denominated in nominal rather than in real values then changes in 


inflation expectations do affect the competitive level of premium. This 
Was shown in equation 14.10. 


Our second conclusion about the cycle is that it may be "much ado about 
nothing*. Many conclusions have been drawn about the changing economic health 
of insurance firms just by looking at changing underwriting profits. Such 
conclusions are often used to justify price changes. Analysis conducted at 
this level is trivial and misleading. Underwriting profits alone tell nothing 
of the profitability of insurance firms and carry no implications for price 
changes. The fact that underwriting profits do respond to changes in the 
capital markets should be cause for reassurance not alarm. It shows that the 
insurance industry's Judgements about future inflation are not entirely out of 
line with those of investors and it shows that the insurance industry is 
Properly reflecting the time value of money in its Premium calculations. 
Anyone who disagrees with this conclusion might examine how he would feel if 
banks failed to change their interest tates to depositors when the general 
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l. If it were true that future inflation could be predicted, e.g. be 
extrapolation, from past inflation, then past inflation might be indireccly 
relevant in setting premiums. 


2. Some indirect evidence of this could be seen until recently in the very low 


rates that policyholders could borrow from the insurance company against the 
surrender value of life insurance policies. 


3. see for example, Venezian, [1985], Cummins and Outreville, [1987] and 
Doherty and Kang, [1986] 


^. Smith [1981], and Doherty and Kang [1986] use spectral analysis to show 
that the movement of underwriting profits is compatible with a six year 
cycle. This result is supported by Venezian [1985] and by Cummins and 
Outreville [1987] using quadratic regression analysis 


3. see Doherty and Kang [1986] 
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APPENDIX 
DERIVING THE COMPETITIVE PREMIUM WITH THE CAPITAL ASSET PRICING HODEL 


The cash flow model for setting competitive insurance premiums was 
illustrated with an example of the Syzygy Insurance Company. In looking at 
the Syzygy example, we considered the possibility that the expected rate of 
return required by investors to contribute surplus to the insurance firm might 
be estimated by the capital asset pricing model (CAPM). i.e. 


E(x.) = re è REECE) = re] y ae —Ü— 
If the CAPM does apply then we may use an alternative formula for 

calculating the competitive price. This alternative formula does not 

contradict the previous approach, equation 14.3. Rather it is simply a special 
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case of equation 14.3 which applies if assets are priced according to the 
CAPM. 


When first looking at the CAPM in Chapter 9, the idea of value additivity 
and separable decisions was introduced. Suppose a firm has two internal 
operations. If those operations are separable, then the cash flows from each 
may be valued independently, as though the the units were themselves separate 
firms traded on the market. The insurance firm may be thought of as two 
internal operations, insurance operations and investment operations. The 
investment operations are, by definition, conducted on the capital market and 
it is reasonable to use the CAPM to value those activities and to determine 
the competitive rate of return. But with separation, we can use the same 
model, the CAPM, to establish the value of the insurance operation, i.e. to 
yield the competitive premiun. 


The simplest way to present the CAPM solution is to express the 
competitive rate of underwriting profit, which we vill denote E(r ), We will 
then use this to derive the premium. The solution for the competitive rate of 
underwriting profit is; 


E(r) = -(n) Mr.) + AEG, - Tel 
(14.A.1) 
where Pa is the insurance beta 


which is calculated in the usual way, i.e. 
= Cov(L, r/o (m) 


This is the familiar CAPM equation but with a couple of subtle 
applications. The intercept is negative. The reason is simply to reflect the 
direction of the cash flow; the firm "borrows" from its policyholders rather 
than lends to them. The second change in the intercept is the multiplication 
by the turnover cycle "n". This simply reflects that the transaction may take 
several years. The CAPM without such adjustment applies only to one year. 
Once E(x) is calculated, the premium is then solved from 


E(r ) = ((P - X) - E(L))/(P - X) (1&.A.2) 


This is a slightly different definition of underwriting profit from that 
used earlier. The difference lies in the treatment of expenses. The general 
definition of underwriting profit is the ratio of underwriting income to 
premiums. The CAPM approach shown in equation 14.A.1 actually defines 
underwriting profit as the ratio of underwriting income to premiums net of 
expenses. This is simply a quirk of the CAPM approach. If this equation is 
solved for the premium, the solution is 


P= E(L)/(1 - ET 1 + X a AAA 
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We will estimate the competitive insurance price for Pterodactyl Aviation 
Underwriters Inc.. The expected losses from its current portfolio of $60m. 
‘Underwriting, etc. expenses are $10m and the turnover cycle is 2 years. The 
beta for the insurance portfolio is -0.2; the expected return on the market 
portfolio is 12% and the risk free rate 5%. The expected rate of underwriting 
profit from equation 14.4.1; 


E(r ) = -(2)(0.05) + (-0.2)[0.12 - 0.05] 
= -0.114 
The premium can now be solved from equation 14.A.3 


P = 60/{1 - [-0.114]} + 10 


= $63.85m 


FRPP IIIA IES IIIA de e e e hee e EREDAR hehe e he e dede de e e e he de ee hne he de hee defe de ede ehe IE 


A Comparison of the Cash Flow Pricing Model and the CAPM 


We have just presented-two models, each of which can be used to derive the 
fair or competitive premium rates for insurance policies. Which is the 
correct model? In fact, the models do not compete at all. They are not 
really different models at all. They are simply different presentations of 


the same ideas. Look again at the two models as presented in equation 14.3 
and 14.4.3: | i 


CASH FLOW MODEL PREMIUMS 


P = E(L)/(L +EG)) + X + [1+ E[r.])/G + E(z)" - 1] 
| (1&.3) 
CAPM PREMIUMS 
P = E/O. - EG )) + X (14.A.3) 


The CAPM simply discounts expected losses at a discount rate, E(r ), which 
is determined by the risk free rate and the beta of losses. The discount rate 
looks a little strange since it is deducted in equation 14.A.3). But do not 
forget that the value of E(r ) as calculated from equation 14.4, usually is 
negative. Thus the double negative results in a positive rate. In contrast, 
equation 14.3 discounts expected losses at the discount rate "r" which is the 
expected rate of return on the insurance firm's investment portfolio. Of 
course, this discount rate may differ from -E(r ) which is used in equation 
_14.A.3. To compensate for this difference, the last term in equation.14.3 is 
added. Both approaches should therefore give approximately the same answer. 
To show this we will return to the above example of Pterodactyl Aviation 
Underwiters. This was calculated with CAPM. we will now recalculate with the 
| cash flow method described by equation 14.3. 
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Equation 14.3 requires more information than we have here. We need the 
expected return on investment, E(r), and the expected return required by 
investors to hold the equity of the insurer E(r ). To estimate each of these 
requires that we know the respective betas. Suppose that the investment beta, 
B., is 1.0. From this we may estimate two things. First, the expected rate of 
return on the investment portfolio will be 


E(r) = 0.05 + 0.6[0.12 - 0.05] 
= 0.092 
The second thing we may use the investment beta for, is to help derive the 
beta for the insurer's own equity, f.. The insurance firm's shareholders will 
be exposed to systematic risk from one of two sources; the investment 


activities of the insurer and/or the underwriting activities. In fact, the 
equity beta is the weighted average of the investment and underwriting betas; 


B, = (1+ (nP)/S]0, + [P/S]B, 


e 


The surplus is assumed to half the premium to maintain a level of leverage 
that is considered to be sound; i.e. S = 0.SP. 


B, ~ (1+ (2P)/(0.5P](0.6) + [P/(0.5P](-0.2) 
=- 2.6 
Thus 
E(r.) T7 r,t B (E(x) - re] 
- 0.05 + 2.6[0.12 - 0.05] 
- 0.232 


Now we have all we need to solve equation 15.3; 


P = SCO + E[r D/OG + E[r])}" - 1] 
+ E(L]/(1 + E[z])' + x 
P = (0.5)P[((1 + 0.232)/(1 + 0.092))2 - 1 
+ 60/(1 0.0921? + 10 
= 0.1364234P +- 50.32 + 10 
Thus E I de 
P = $63.66m ` 


"TU = 


This differs slightly from the answer of $63.85 for Pterodactyl Aviation 
Underwriters. In the analysis just completed we had to add more information 
to solve equation 14.3. The additional information related to the level of 
surplus which was set at fifty percent of the total premiums. This was a 


somewhat rough estimate. A slightly different level of surplus would result 
in a more accurate answer. 
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UNDERHTITING RESULTS AND INTERESTC( T-BILL) RATES 
(FROM 1955 TO 1986) 


' 


UNDERWRITING PREMIUM U.W.PROFIT INTEREST 
YEAR GAIN OR LOSS EARNED | (44 TO PREM (T-BILL) 
($000) ($000) EARNED) RATES 
(1) (2) [(1)/(2)]*100 (46) 
1955 590,973 10,033,006 5.890 1.753 
1956 ` 20,432 10,661,679 0.848 2.658 
1957 (130,333) 11,525,936 -1.131 3.267 
1958 205,981 12,314,985 1.673 1.839 
1959 426,979 13,379,120 3.191 3.405 
1960 462,367 14,445,374 3.201 2.928 
1961 484,099 15,142,579 3.197 2.378 
1962 343,666 15,998,816 2.162 2.778 
1963 (165,557) 16,446,749 -1.007 3.157 
1964 (325,724) 17,668,651 -1.844 3.549 
1965 (352,264) 19,077,274 -1.847 3.954 
1966 386,927 21,031,945 1.840 4.881 
1967 193,613 22,816,851 0.849 4.321 
1968 (148,224) 24,987,934 -0.596 5.339 
1969 | (529,899) 27,711,016 -1.912 ` 6.667 
1370 2 Fz 31,169,052 . 0.250 6.458 
1971 1,381,801 33,920,246 4.074 4.348 
1972 1,797,233 37,602,057 4.781 4.07 
1973 791,725 30,892,726 1.936 7.041 
1974 .(1,881,551) 43,746,161 -4.301 7.896 
1975 (3,593,960) 47,844,414 -7.512 5.838 
1976 (1,358,531) 57,268,286 -2.721 4.989 
1977 1,926,315 68,870,281 2.797 5.265 
1978 2,548,143 78,746,967 3.236 . 7 eel 
1979 23,606 86,959,718 0.027 10.041 
1980 (1,712,423) 93,950,138 -1.925 11.506 
1981 (4,463,887) 937,554,652 -4.576 14.029 
1982 ' (8,303,039) 102,069,503 -8.135 10.686 
1983 (11,087,953) 107,195,857 . -10.344 3.52 
1984 (19,378,885) 115,009,836 -16.850 9.57 
1985 (22,503,429)  .133,341,852 -16.876 7.47 
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CATA SOURCES:(1)BEST’S AGGREGATES & AVERAGES [PSL] (ANNUAL) 
Sea EDERAL RESERVE BULLETIN (MONTHLY) 
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U.S. CLAIMS COSTS INDEXES VS.CONSUMER PRICE INDEX(CPI) 
(FROM 1967 TO 1986) 


(1967-2100) 
YEAR TOTAL AUTO AUTO AUTO W.C. OTHER OTHER GLASS 
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YEAR THEFT BOILE FIRE HOME COMMER  INLAND P&L CPI 
& MACH OWNER PERIL MARINE TOTAL 


1235 361.3 342.7 349.6 . 387.5 371.4 336.3 356.3 322.2 


* ESTIMATED 
DATA SOURCES:.MORTON E. MASTERSON, Best's Review-P&L-(Sept.1976) and 
Sest’s Insurance Management Reports(Perspectives:5/25/*31 £4/14/°36). 
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Financial Risk Management by Insurers: 
An Analysis of the Process 


Anthony M. Santomero 
David F. Babbel 


ABSTRACT 


On-site visits to financial service firms were conducted to review and 
evaluate their risk management systems. In the insurance sector, this 
evaluation covered prominent life/health and property-liability insurers, 
both in the United States and abroad. The information obtained covered 
both the philosophy and the practice of financial risk management. This 
article outines the results of this investigation. It reports the state of risk 
management techniques in the industry. It reports the standard of prac- 
tice and evaluates how and why it is conducted in the particular way 
chosen. In addition, critiques are offered where appropriate. We dis- 
cuss the problems which the industry finds most difficult to address, 
shortcomings of the current methodology used te analyze risk, and the 
elements that are missing in the current procedures of risk managment. 


INTRODUCTION 


The past decade has seen a dramatic rise in the number of insolvent insurers. The 
ostensible causes of these insolvencies were myriad. Some of the insolvencies 
were precipitated by rapidly rising or declining interest rates. Others resulted from 
losses on assets such as junk bonds, commercial mortgages, collateralized mort- 
gage obligations, real estate, and derivatives. Mispricing of insurance policies, 
natural catastrophes, and changes in legal interpretations of liability and the limits 
of coverage hurt still others. The “churning” of policies by unscrupulous sales 
agents, insolvencies among the reinsurers backing the policies issued, noncompli- 
ance with insurance regulation, and malfeasance on the part of officers and direc- 
tors of the insurance companies affected some as well. But despite the numerous 
and disparate apparent causes of these insolvencies, the underlying factor in all of 
them was the same: inadequate risk management practices. In response to this, in- 
surers almost universally have embarked upon an upgrading of their financial risk 


Anthony M. Santomero is Richard K. Mellon Professor of Finance and Director of the Financial 
Institutions Center at the Wharton School, University of Pennsylvania. David F. Babbel is Associate 
Professor of Insurance and Finance at the Wharton School, University of Pennsylvania. 

The authors are grateful for the thoughtful comments and suggestions from the reviewer and 
Editor. 
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To prevent catastrophic losses from derivatives trading, it is 


important for risk managers to make sure their organizations 
understand the risks and establish the proper controls. 


urking in the treasury depart- 
ment of a corporation some- 
where sits a 28-year-old MBA, 
eyes glued to a computer 
screen, risking the future of 
the company as he tweaks a 
financial model and selects an 
interest rate or currency swap. 
He may have been manipulated by an invest- 
ment banker or broker, too self-assured to con- 
tradict, but he just may have bet the company's 
pension assets on a miscalculated 500-basis- 
The huge derivatives trading losses that 
brought down the British merchant bank 
Barings PLC is just one example of this risk 
management nightmare. Consider the West 
Coast insurance company that fell into liquida- 
tion because it bet the wrong way on an inter- 
est rate trend. Or the municipal finance manag- 
er, under pressure to keep taxes low with 
revved-up investment returns, who cost tax- 
payers millions by taking risks he either was 
misled into or didn't understand. Or the team 
of commodity traders that developed a strategy 
to hedge its core energy product price. The 
traders got into a disagreement with their bank 
over the strategy's risk level and funding 
requirements. The dispute caused huge losses 
and a revocation of the company's credit lines. 
These are all examples of traders, treasury 
staff and operational people taking what they 
believe to be prudent business risks. But lately it 
seems that more and more derivatives transac- 
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tions are making headlines as they unravel and 
rebound to sting their companies. In the end, 
shareholders may take aim at management and 
unleash breach of fiduciary duty or negligence 
actions that allege mismanagement on a grand 
scale. Directors’ and officers liability suits could 
rain on management as the highly automated 
plaintifis bar swings into action following a 10 
percent drop in the company's share price. 

In this environment, underwriters, manage- 
ment and the press have forced members of the 
risk management community to ask about the 
risk profile of their company's derivatives and 
hedging activity. Sometimes risk managers are 
fearful of suits alleging inappropriate specula- 
tion with shareholders’ money. Other times 
they may test internal controls designed to pro- 
tect a company’s viability in the face of man- 
agement error or fraud. Prudent risk managers, 
together with brokers and underwriters, are 
making proactive efforts to identify the scope of 
this risk and are establishing control measures 
and policy provisions to treat it. 

The notional amount of all derivatives— 
financial instruments deriving their value from 
some underlying asset, such as currency, inter- 
est rates or commodities—is estimated to 
exceed $15 trillion and, in fact, may be as high 
as $35 trillion. Corporate managers are using 
these arrangements at a staggering pace and, 
they and their advisors are quick to assure us, 
are doing so for good, sound and carefully con- 
sidered reasons. Depending on the point of 
view, derivatives are either conservative protec- 


Roger A. Haynes is managing director at Sedgwick Financial Risk Specialists in Boston, MA. 
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tion devices or speculative gambles. One thing 
seems clear—they are here to stay. A survey 
conducted by Institutional Investor in late 1994 
estimated that as few as 3 percent of corporate 
treasurers expected to decrease their derivatives 
activity in 1995, even in the wake of several 
well-publicized debacles. 


GROWING AWARENESS 

As recently as a year ago, there were still com- 
panies, municipalities and other entities with 
their collective heads in the sand. The term 


Babi CCisy 


“derivatives” was virtually unheard of 
outside treasury departments. 
Hedging activities within operating 
units had not been seen as an appro- 
priate subject to discuss with the risk 
manager, even though interest rate 
hedges and insurance rates are nearly 
indistinguishable in their key compo- 
nents. Insurance is nothing other 
than a hedge—some might say a par- 
ticularly inefficient hedge, but a 
hedge nonetheless. 

Part of the problem rests with tra- 
ditional organizational boundaries. 
Most treasury departments have dealt 
in a different realm from the risk 
managers, brokers and underwriters 
who design and implement insur- 
ance-based hedge techniques for a 
company. Risk managers’ awareness 
of the issues surrounding trading in 
the treasury department and how 
losses could affect the company overall has 
generally been equally low. In fact, as the term 
“risk management” is used in treasury opera- 
tions, it often has little or nothing to do with 
traditional risk and insurance management. 
Instead, the term generally refers to getting 
advice and designing models to control and 
monitor a strategy designed by investment 
bankers and dealers. 

There are myriad risks faced by companies 
using derivatives instruments: 

Market and price-setting risk—interest rate 
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volatility, currency fluctuations and other 
risks. The variability within these risks is fur- 
ther compounded by the skill level of the peo- 
ple that negotiate the trade. 
Counterparty risk—the credit risk that 
promises made under these agreements may 
not be fulfilled. 
Control risk—the adequacy of internal mea- 
sures to establish trading limits and monitor 
the enthusiasm of managers caught in the heat 
of a deal. 
Communication risk—the effectiveness of deal- 
ers and advisors in telling management the 
scope of the risk in the hedge effort. This also 
applies to management's ability to convey those 
issues to shareholders. 
Legal risk—patticularly in the cross-border trad- 
ing arena, where derivatives may be considered 
gambling or where the enforceability of interna- 
tional settlement agreements is in question. 
Each of these risks can be treated by tradi- 
tional risk control methods, but often the 
responsibility for the construction, implemen- 
tation and monitoring of the appropriate con- 
trol technique rests in different hands. This can 
make coordination across business units and 
among levels of management difficult. 
Traditionally, the role of risk managers in 


In 1993, the Group of Thirty, an international study group of 
economists and bankers, released recommended risk mar- 
agement practices for derivatives monitoring and use that fall 
into several main areas. 


| The board of directors should review and approve ali derivatives 
activity, either directly or through designated committees or 


Written policies and procedures must be in place to control deriva 


allowed and determino who is responsible for controlling the risks. 


Monitoring functions need to be formally established to test and 
report the status of the hedge and its various potential outcomes 
and to provide timely reports of current positions. 


Formal audits of a company's derivatives procedures and positions 
must be performed by outside professionals. 


immediate reporting of changes in value (basically calling for daily 
mark-to-market capability) is required in a company's financial 
reports. 
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derivatives trading comes after the fact—usually 
with a phone call from management asking 
about insurance protection to recover from a 
loss. Typical questions are asked about the trad- 
ing coverage in a fidelity bond, wrongful act 
definitions in a D&O policy or ERISA provi- 

sions covering imprudent investments in a pen- 
sion portfolio. Depending upon the specific cir- 
cumstances, coverage and indemnity depends 
on the answers to these important questions. 


Communicate AND CONTROL 

Effective risk management begins with clear 
communications about the exposures a compa- 
ny faces and the controls it has established. In 
the derivatives arena, this has taken on several 
colors. Bankers and traders have designed pro- 
prietary financial models that assist in meeting 
current requirements calculating the market 
value of a company's positions on a frequent, 
even daily, basis. These models are becoming 
essential management tools now that the 
Financial Accounting Standards Board (FASB) 
has required disclosure of hedging positions in 
the financial statements of companies whose 
fiscal years ended after December 15, 1994. 
Seeing net positions marked to market in the 
financial statement notes has given sharehold- 
ers, risk managers, underwriters and brokers a 
clear view of management's aggressiveness and 
skill in this arena—and enabled them to moni- 
tor a company's enthusiasm for speculation. A 
core issue for indemnification concerns often 
rests with determining whether the actions 
taken with shareholder, pensioner or policy- 
holder funds represent prudent hedging or 
speculation. Some recommended risk manage- 
ment practices for derivatives are described in 
Table 1. 

But even more fundamental issues call for 
attention in this realm. Someone in authority 
has to understand the risks and potential loss- 
es. If you are unsure about the scope of the 
risks, bring in an investment banker or a con- 
sultant to review your exposures and hedging 
techniques. Because some people might say 
there could be a potential conflict of interest if 
someone offering strategic advice also sells 
derivatives products, it is important to ensure 
that the disclosure is complete and that the 
integrity of the advisor is unquestionable. 

The Banker's Trust agreement with the New 
York Federal Reserve Bank, reached to settle 
allegations stemming from derivatives losses at 
Gibson Greetings, Inc., gives guidelines on 
marketing and communications that all but 
demand the client understand what he or she 
is buying. Many dealers are providing daily 
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valuations of their clients’ 
| derivatives positions. In this 
environment, "transparency" 
has become the new 
byword. As communications 
| improve between derivatives 
dealers and users, and com- 
panies better understand 
what they are getting into, 
knowledgeable risk taking is 
more likely than in the past. 

As in any other area, it 
should be fundamental that 
risk managers understand 
the corporation's tolerance 
for financial loss. Logically, 
the same guidelines should 
apply in the conduct of a 
hedge strategy as in establishing insurance 
retentions, deductibles and limits. 
Unfortunately, most companies make these 
decisions independently of one another, with- 
out establishing consistent guidelines or calcu- 
lating aggregate loss exposures. 

Knowing the cost of a hedge in relation to 
the assumed risk is also fundamental. Risk 
charges on interest rate hedges are often one or 
two basis points. Compared to rates for insur- 
ance products, this may seem reasonable— 
until the potential for loss is factored into the 
equation. Unlike insurance transactions, where 
potential losses are usually limited to the pre- 
mium cost, large gains as well as large losses 
ate possible in derivatives trades. 

lt is also important to understand any deal 
and to avoid getting carried away with the 
upside potential. Speculation for profit is gener- 
ally not the role or core competency of the trea- 
sury staff. Capital is usually entrusted to them 
for conservation, not speculation, but pressure 
on treasury operations to generate profit has 
created trouble in some companies. In a time of 
relative stability of interest rates and currency 
values, a hedge strategy can provide seemingly 
low-risk profits. When rates turn wrong rapid- 
ly—particularly when leverage is employed to 
multiply the effects of the strategy—things can 
go wrong very quickly. If panicking employees 
try to restore losses with “double or nothing” 
trades, the results can become catastrophic. 





COVERAGE CONSIDERATIONS 

Even in organizations with well established 
internal controls, seemingly effective plans can 
go astray. Faced with the reality of a huge loss 
and large potential liability, can a company find 
any help from the standard panoply of insur- 
ance coverages? 


As with other policies, coverage depends on 
the circumstances. Assume, despite good con- 
trols, that the person responsible for the hedg- 
ing acted beyond his or her authority by taking 
on more risk than corporate guidelines 
allowed. Indemnification for financial loss 
caused by an employee, in the form of fidelity 
bonds or crime coverages, will be partially 
dependent on whether the employee attempted 
to achieve personal gain from the transactions. 
Further, the policy definition of this gain often 
excludes commissions and salary. A “trading 
exclusion is a common feature of major crime 
bonds, although it can sometimes be removed. 
Merely having the exclusion deleted, however, 
will not normally solve the problem because 
the requirement that the employee has sought 
personal gain may still apply. _ 

If the investment strategy that caused the 
loss has been employed for the potential bene- 
fit of a pension fund, the question of the pru- 
dence of the investment will turn on manage- 
ment's potential ERISA liability. Defense 
expenses related to the action will probably fall 
under the terms of the fiduciary liability policy. 

When one is in the business of providing 
services in the hedging world, as in a bank or 
broker-dealer environment, the question of 
professional liability arises. Investment banks 
and broker-dealers involved with derivatives 
are very aware of the distinction between advis- 
ing and dealing. Many of them say they are act- 
ing as dealers, not advisors, and should not be 
held to a fiduciary's legal standards and duties. 
This issue has been very cloudy, but the agree- 
ments that have surfaced publicly seem to 
imply a higher fiduciary duty. In this instance, 
a professional liability policy might respond if a 
suit is brought against the party allegedly giv- 
ing faulty advice. 

The failure of company management to 
properly supervise an errant employee trader 
is probably a wrongful act under most D&O 
policies, but someone has to make such an 
allegation against a director or officer to trigger 
coverage. 

In all of these instances, the best protection 
resis in good controls and supervision from 
knowledgeable managers and outside advisors. 
Failing that, one can follow the lead of others 
and sue the advisor who structured the deal for 
you, alleging he or she did so without full dis- 
closure of the risks. This is unlikely to succeed 
in a realm where dealers are focused on clear 
communications and providing written docu- 
mentation of their advice. 

Does a risk manager need to understand 
all of the instruments used within his compa- 
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ny? The simple answer seems to be yes. 
Underwriters are eager to understand a com- 
pany's management style, and if the risk man- 
ager wants to be able to represent the firm 
directly to the underwriting community, he or 
she should be able to define the parameters of 
the company’s derivatives exposures. This 
probably means being able to describe the 
major hedging strategies and explain the dis- 
plays in the financial statements. Coming to 
grips with this exposure will likely require 
interviews with in-house treasury or trading 
management and maybe the bankers who 
designed the firm's derivatives strategy. . 

Other than discussions with underwriters, 
there is no clear consensus about the risk man- 
agers role regarding investment risk. Almost 
all risk managers have a responsibility for 
reviewing risk control options in place across 
their organizations. Most brokers and consul- 
tants who traditionally operate in the insur- 
ance-related risk management arena do not 
currently provide products or services that 
deal directly with derivatives risk. Risk man- 
agers and their broker-advisors, however, need 
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to understand investment risks and be com- 
fortable with the internal controls because 
their underwriters are going to ask questions. 
Insurance carriers will be particularly interest- 
ed in management oversight of derivatives risk 
and strategies employed to minimize it. The 
broker/client team should understand the risks 
in the company's trading operations to com- 
municate more effectively with underwriters. 
Another important step is educating manage- 
ment about the limitations of coverages such 
as employee dishonesty, D&O and profession- 
al liability insurance in protecting the organi- 
zation properly. 

Although it is not likely that most risk man- 
agers will become actively involved with a 
company’s specific derivatives trades, it is nev- 
ertheless important to have sufficient knowl- 
edge about these activities to prevent serious 
consequences and negative headlines. In 
today's environment, understanding enough 
about derivatives instruments to ask the appro- 
priate questions and to help establish the com- 
pany’s internal controls and trading limits is 
critical. fie 
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An Enlightened 





by Michael D. Hamer and Thomas R. Dickson 
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oday, leading-edge insur- 
ance programs are shaped 
by the many imbalances 
that exist between the 
protection risk managers 
need and the coverage 
that traditional insurance provides. 
Volatility in the availability and pric- 
ing of certain insurance lines 
reflects the market losses of car- 
riers, rather than the perfor- 
mance of individual insureds. 
Furthermore, coverage restric- 
tions have been increasing, lead- 
ing to an “unbundling” of many Ë 
coverages—that is, writing | 
insurance for each exposure sep- Nf 
arately, as opposed to "bundling" 
exposures under a single program. 
These manifest inefficiencies in the 
insurance distribution sys- 
tem are prompting 
insureds to seek other 
alternatives. The rapid | 
growth of the alternative risk trans- 
fer market bears witness to this 
search for more effective—specifi- 
cally long-term—insurance cov- 
erage. 
Insureds in today’s market 


uk 
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are increasingly considering HS: W 


their insurance requirements f 
over a multiyear time frame. * 


The rationale for this is that, “Ë 
because it helps companies bear risk, 


insurance is a form of capital, and it 
makes no economic sense to arrange 
annually all of a corporation's capital 
needs. Most companies' business 
plans extend over many years; thus, 
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their risk management programs 
should as well. Furthermore, creatirig 
multiyear arrangements for at least 
part of a company's insurance 
requirements will often result in 
more efficiently priced coverage, 
as the need for counterpar- |, 
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nuity” risk is 
Wess reduced. 
—— (Here “discontinu- 
ity” risk refers to the possibility that 
one party can walk away, leaving the 
other in a deficit position). Also, the 
costs of arranging coverage annually 
are reduced. 

The desire to develop more effec- 
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d ad lated with the actions of the 






tive insurance coverages also stems 
from the recognition that traditional 
"mutualization" of risk—spreading of 
the costs of losses and risks over a 


^ number of insureds—may not 


always be the most appropriate 


7 way to treat certain exposures. 


Indeed, underwriting linked to 
mutualization produces many of the 
undesirable features affecting insur- 





» ance markets today, including 


inappropriately unbundled 
risks, vaguely defined cover- 
age, excessive exclusions 
and pricing policies 
based on group rather 
than individual results. 
Risks that are highly corre- 


insured (e.g. directors’ and officers’ 
liability, and pollution and products 
liability exposures) become particu- 
larly hard to mutualize, since good 
risks do not like to subsidize bad 
tisk. This situation is further compli- 
cated by the fact that everyone con- 
siders themselves a good risk. 
Mutualizing risks can also 
be an inefficient and 
expensive way to 
try to match 
cedents with 
In multi- 
year insurance programs, the risks 
need not be so closely defined, so 
long as they are reasonably consistent 
from period to period. This permits 
bundling of exposures, with the asso- 
ciated benefit of “offset” within the 
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FINITE RISK CONTRACTS 


aggregate bundle (that is, good results 
from one of several exposures in a 
program offset the bad results of 
another exposure within the same 
program); taking the same risks over 


companies face do not fit easily into 


discrete one-year intervals. | 


Companies that buy annual coverage 
often find that volatility is not 
reduced, only shifted from the year of 


broad-based, no-exclusion terms for 
most contracts. 
Conclusion: In many instances, 


. broad, multiyear coverages provide 


greater certainty of coverage and a 


FINITE RISK CONTRACTS ARE LONG-TERM—TYPICALLY THREE 
TO FIVE YEARS—AND PROVIDE CLIENTS WITH CONSISTENT 


COVERAGE AND STABLE TERMS TO PROTECT THEM FROM 
POTENTIALLY DAMAGING MARKET FLUCTUATIONS. 


time also makes it easier to build in 
individual incentives in the form of 
additional premiums and profit shar- 
ing to better align the interests of 


. both the insured and the insurer over 


time. It also enables the cost of the 
program to reflect the insured's own 
loss history rather than that of its 
peers, and reduces the costs of 
putting protection in place. 

Over time, multiyear programs 
have evolved, and the range of risks 
covered has increased. For example, 
in the past 18 months, dislocations in 
the property catastrophe markets 
have propelled the development of 
multiyear structures for risks with 
low frequency and high severity. 
Insureds, unhappy with the volatility 
in capacity and rating, have sought 
contracts that provide contractual 
coverage at a known price for an 
extended period after a major event. 

Ihe following are several key ques- 
tions for insureds to consider with 
respect to multiyear contracts, 
breadth of coverage and other key 
issues, together with the authors' con- 
clusions. 


Multiple-Year Contracts 

Q: Why should I tie myself down with 
a long-term contract when I'm used to 
buying insurance on an annual basis? 
À: Most insurance contracts are one 
year long for no other reason than 
that is how long the earth takes to 
complete one revolution around the 
sun. For companies with a one-year 
business plan, a one-year contract is 
sufficient. However, the risks most 
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the loss to the year in which their 
insurers restrict coverage or demand a 
payback. In contrast, finite risk con- 
tracts are long-term—typically three 
to five years—and provide clients 
with consistent coverage and stable 
terms to protect them from potential- 
ly damaging market fluctuations. 
Conclusion: Multiple-year contracts 
provide clients with better protection 
and more stable pricing than annual 
contracts for many types of risk. 


Broad Coverage 
Q: Across the board, don't convention- 


al products provide more protection 


than finite risk insurance? 

A: No. In fact, insureds have found 
that traditional insurance solutions 
often fail to provide full coverage for 
losses because they contain exclu- 
sions that limit or eliminate coverage 
for unusual, unpredictable events; if 
this were not the case, insureds today 
would not make constant demands 
for coverages that provide difference- 
in-conditions protection. 

In other cases, the coverage fails to 
pick up both high frequency and high 
severity loss events, or the benefit of 
coverage on one line of business is 
not offset by the premiums paid on 
another line of business that does not 
produce a loss. This creates uncer- 
tainty for the insured regarding the 
amount of insurance available in any 
particular set of circumstances. For 
companies in this situation, finite risk 
and other nontraditional products 
eliminate confusion by plugging the 
holes in traditional covers with 


more effective way to protect net 
income and shareholders' equity. 


Limited Liability to Preserve 
Financial Security 


_ Q: Why should I purchase a contract 


with a liability cap when my company 
could purchase a policy without one? 
A: Unfortunately, in some cases 
companies have discovered that so- 
called *unlimited" insurance cover- 
age unexpectedly becomes very lim- 
ited when the financial condition of 
their insurers deteriorates. In other 
words, all coverage is limited by the 
insurer's ability to meet its contrac- 
tual obligations. Policies without lia- 
bility caps expose every insured to 
the risk that another policyholder 
will produce losses that threaten its 
insurer's solvency. 

In the vast majority of situations, 
aggregate caps allow clients to buy 
only the amount of coverage they 
need, especially when analyzed over a 
multiyear period. Most companies do 
not really need unlimited coverage, 
nor do they want to pay for it. In fact, 
many of the authors’ discussions with 
clients begin by defining the amount 
of coverage needed over the life of the 
contract. After determining this, we 
can develop a cost-effective price 
based on the term and profile of 
exposure and the requested level of 
aggregate limit. 

Conclusion: Aggregate limits pro- 
tect policyholders as well as share- 
holders by allowing broader protec- 
tion to be offered on a more cost- 
effective basis. > 


FINITE RISK CONTRACTS 


Profit Sharing to Alien Economic Interests 
Q: With the new accounting rules that 
are now in place in the United States 
and elsewhere, isn’t profit sharing 
dead? 

A: On the contrary. The new 
accounting rules passed in various 
countries have made the treatment of 
profit sharing clearer by formalizing 
the accounting for contracts that con- 
tain profit-sharing features. 
Nevertheless, insureds are best 
served by focusing on economic 
issues as opposed to accounting for- 
malities. Profit sharing aligns the eco- 
nomic interests of the insured and 
insurer. 

In many traditional insurance rela- 
tionships, the company “wins” only if 
it suffers a large loss resulting in a 
claim to which its insurer must 
respond. It “loses” if it does not suffer 
losses and the insurer then keeps 
most or all of the premium. Either 
way, the incentive to keep losses low 


is reduced. With finite risk contracts, 
for example, both parties benefit in 
low-loss cases, so both are motivated 
to keep losses to a minimum. 

Q: Doesn’t my traditional insurer 


_ already give me a fair deal? 


Some do, but others don't. In theory, 
traditional insurers should, at the 
start of a business relationship, com- 
mit to set up "banks" for clients with 
good loss experience. Unfortunately, 
many companies have found that 
insurers do not always set up these 
banks, or if they do, they use them 
inappropriately. 

For example, in some cases, an 
insurer will use the bank to cover 
losses arising from business with 
other companies in the same indus- 
try, or pay out losses from other 
areas of the insurer's operations as 
dividends to shareholders or bonuses 
to management. In other cases, 
insurers withdraw from businesses, 
taking the bank with them. 


While a policyholder's rates may 
decline because of good loss history, 
they are likely to rise more quickly if 
unexpected losses occur. To eliminate 
this volatility and uncertainty, atten- 
tive insurers will set up reserves 
against amounts owed under profit 
sharing so that available funds are 
returned to policyholders. 

Conclusion: Profit sharing aligns the 
interests of insured and insurer, and 
allows coverage to be offered on a 
more cost-effective basis. 

Beyond the structural benefits dis- 
cussed above, multiyear programs 
are individually designed to meet 
clients' needs. In today's ever-more 
volatile markets, insureds need risk 
management solutions that more pre- 
cisely address their constraints and 
objectives. By assisting clients in tak- 
ing a long-range planning approach 
to better manage their exposures, 
multiyear coverages represent such a 


solution. al 


169 


Fine TUNE YOUR CRISIS MANAGEMENT SKILLS AT... 

THE FIRST COMPREHENSIVE 

RISK MANAGEMENT CONFERENCE & EXPOSITION 
FOR THE HOSPITALITY INDUSTRY! 


If you are responsible for the welfare and safety of others, company resources and 


ae you must attend this Pus npe two-and-one-half day conference on 


A gl management say “oi y cms your awareness of these timely topics at 
Sc ino The Hospitality Industry Management ent Conference & Exposition: | 
LATE - e Twelve Steps To Crisis Management - Opening Session 
«The Oklahoma City Bombing: From Academic Analyst To On-Site Reporter ` 
s Can You Afford The Risk? 
= Food And Beverage Crisis Prevention: Are You Sure The Kitchen's Safe? 
ue Be Afraid To Faos O VO Viola U os For The U 
* Simulation: Managing Workplace nce U 
e The Legislative Highway: vac qa he abr Danis ues Property Must Consider 
° Security Issues In The Hospitality Industry 
s Press/Media Relations 
* Ergonomic Solutions To Employee Claims 
= "Inhospitality" Risk Management es dl Your Guests From Criminal Violence 
* How Do You Rank? EN MEA 7 Hospitality Crisis Plan 


. management 
a e Use the training oók and 
M reference guide, 

° Network athe continent " 
S brealdasts, luncheon, and reception. 
M e See tha exhibition of products and 

; Services by venti et 


Australian 
Lawrence Greene, Director, Safety / Risk Management, 
TEA WE sess sq 
ME LLL _ | ^ johnson & Higgins of Florida 


Ergonomics ting 
Dr Stephen Sloan, Professor Political Science, 
University of Oklahoma 





28 Risk MANAGEMENT / AUGUST 1995 


170 


CATASTROPHE 
INSURANCE FUTURES 
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n December 1992, the Chicago 
Board of Trade (CBOT) 
unveiled the first catastrophe 
insurance futures. This finan- 
cial tool was said to have the 
potential to revolutionize the 
way insurers deal with catastrophic 
losses by giving companies new 
avenues for spreading this | 
increased capacity and the ability to 
freeze catastrophic loss ratios. Despite 
the potential benefits, the results so far 
have not been as spectacular as the 
CBOT first anticipated. 

Upon initial inspection, there are 
several factors that must be overcome 
if catastrophe insurance futures are to 
become readily used. For example, 
many insurance companies will not 
actively participate in catastrophe 
; futures trading because state regula- 

> tors prevent them from holding suffi- 
o cient amounts of futures to hedge 
= their risks effectively. Also, many 
š insurers feel that catastrophe insur- 
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Despite their potential 
value in hedging loss, 
catastrophe insurance 
futures issued by the 
Chicago Board of Trade 
face several obstacles 
lin they can be 
widely accepted by the 


insurance industry. 
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ance futures are not liquid enough to 
offer any real benefits. Further, many 
industry participants who regard the 
futures as another form of reinsur- 
ance cede their exposures to tradi- 
tional reinsurance markets. Potential 
accounting problems and a prefer- 
ence for more conservative invest- 
ments have also steered many poten- 
tial participants away from catastro- 
phe futures. Other companies simply 
do not understand the futures process 

There is a simple way to look at 
catastrophe insurance futures. They 
are a financial tool, which if pur- 
chased property, can allow an insurer 
to offset its catastrophic losses by 
using capital gains from the rise in 
the futures index. In other words, the 
insurers create a hedge by purchasing 
catastrophe insurance futures. If an 
unexpected catastrophe occurs, the 
value of the catastrophe index will 
rise, and a rise in the price of the 


Kathleen McCullough is 1995 graduate of St. Mary's University in San Antonio. This article is adapted from her paper, “Catastrophe Insurance 


Futures,” which received a 1995 RIMS Research Award. 
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futtires will help offset the unexpect- 
ed cost of the losses. Along with the 
investment risk, another danger to 
insurers is that the hedge will only 
cover losses to the extent that the 
insurer's loss experience matches the 
loss experience of the companies that 
comprise the index. 


In addition to investors willing to . 


take a chance on these futures, the 
CBOT has identified four primary 
groups that represent potential mar- 
kets for catastrophe insurance futures: 
large insurers, reinsurers, small insur- 
ers and building supply firms and 
construcion companies. 

Quarterly futures contracts and 
options are available for the Eastern, 
Midwestern and Western regions of 
the United States. Investors can also 
contract and quarterly national 
futures for all 50 states. The contracts 
cover aggregate losses for the period 
in the following lines of insurance: 
private and commercial automobile 
damage; fire; multiple peril for home- 
owners, commercial buildings and 
farmowners; earthquake; and com- 
mercial inland marine. 


CREATING AN INDEX 

Catastrophe insurance futures are 
based on an index that measures the 
level of catastrophic loss in the prop- 
erty/casualty industry. Due to the fact 
that this index is the basis for the 
value of the futures, it is essential that 
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the index accurately and predictably 
represents the catastrophic losses of 
the property/casualty industry. 

The CBOT uses ISO DATA, a unit 
of the Insurance Services Office Inc., 
as its source of statistical information. 
ISO DATA gathers, stores and calcu- 
lates statistical and actuarial informa- 
tion for regulators and insurers. One 
of the primary reasons for using ISO 
DATA is that ISO is the largest insur- 
ance advisory organization in the 
country, and it is regarded for accura- 
cy and integrity. 

Before the contract is listed on the 
CBOT, at least ten of the 100 insur- 
ance companies that report to ISO 
DATA are chosen to comprise the 
index. These insurers are selected 
based on the size of their business 
and the diversity of the risk they rep- 
resent. ISO DATA also weighs loss 
information for the various states and 
lines of insurance. The information 
used to settle a particular contract is 
based on the losses that occurred in 
the previous quarter. These losses are 
reported to ISO DATA by the end of 
the contract month. This information 
is then statistically weighted and 


plugged into a formula to determine 


the index value. Table 1 demonstrates 
how the contracts are priced. 

Due to the fact that catastrophe 
insurance futures are traded on the 
open market, the price at any given 
time should reflect the ultimate settle- 
ment price. Thus, if the insurers in 


aac Shara imm: 





the pool experience higher than 
expected catastrophic losses during a 
quarter, the index should rise propor- 
tionally. For example, if there is a 
catastrophic loss that causes catastro- 
phe claims in the pool to exceed 
expected claims by 45 percent, then it 
is likely that the catastrophe insur- 
ance futures price will rise approxi- 
mately 45 percent. If properly 
hedged, the insurers and reinsurers 
who invested in this market should 
have a capital gain to pay the unex- 
pected rise in claims (see Table 2). If 
the actual losses paid are less than the 
expected losses for the pool, the price 
of the catastrophe insurance futures 
will probably drop. 

The first step in utilizing the 
futures market is to discern which 
contract has the underlying risks 
most closely related to the insurer's 
risk portfolio. For example, if the 
insurer's book of business is heavily ' 
concentrated in the eastern part of the 
country, the insurer may wish to pur- 
chase Eastern Catastrophe Insurance 
futures. If the risk is diversified over 
the entire country, the insurer may 
wish to purchase the National 
Catastrophe Insurance futures. 


POTENTIAL PLAYERS 

Large insurers have very large premi- 
um volumes each year and many of 
them carry a large amount ol catas- 
trophic exposure. To guarantee that 
they remain profitable and solvent, 
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these insurers must look for ways to 
shield themselves from unexpected 
catastrophic losses. Traditionally, 
insurers have tumed to the reinsur- 
ance market for protection. Due to 
capacity shortages and the high cost of 
reinsurance, many insurers are look- 
ing for altemative ways to hedge this 
exposure. If properly used, catastro- 
phe insurance futures could provide 
such a hedge. Because a majority of 


the large insurers represent a well ` 


diversified portfolio of risk, it is likely 
that their loss experiences will be cor- 
related with the catastrophe index. 
Large insurers have the historical sta- 
tistical information necessary to com- 
pare their loss history for many years 
against the catastrophe index. 

Similarly, because most reinsurers 
deal with several insurers, they also 
represent a diversified set of risks. 
Since their risks are generally spread 
over a wide geographical area, rein- 
surers should experience the same 
benefits from the catastrophe insur- 
ance futures as large insurers. In theo- 
ry, the catastrophic loss experience of 
the reinsurance industry should mir- 
ror the catastrophic losses within 
companies’ U.S. portfolios. Price 
movements in the catastrophe insur- 
ance futures should offset unexpected 
losses in the same fashion that they 
protect insurers. 

Although small insurers generally 
do not enjoy the benefits of well 
diversified geographic risks to the 
extent that large insurers and reinsur- 
ers do, they can still benefit from the 
use of catastrophe insurance futures. 
Their purchases will take more 
research and planning, and they may 
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turn to regional contracts instead of 
national contracts. Small insurers will 
also have to look closely at their his- 
torical loss runs in relation to the 
catastrophic index to determine to 
what level their losses are correlated. 
Once this correlation is established, 
the insurer should be able to deter- 
mine which contracts can be pur- 
chased to form an effective hedge for 
its book of business. 

Building supply firms and construc- 
tion companies could trade futures in 
an opposite position from the insur- 
ers. These companies could potential- 
ly invest against the insurance indus- 
try because a segment of their profit 
cycle is inversely related to the insur- 
ance industry in the wake of a catas- 
trophe. When a natural disaster 


strikes, the property insurers generally . 


incur large unexpected losses, and the 
building suppliers and contractors 
usually experience a rapid increase in 
demand for their services to repair 
damaged buildings. Conversely, if the 
insurers experience an unexpectedly 
low level of property claims in a given 
area, the contractors will experience a 
drop in demand for repairs to insured 
facilities. For this reason, building 
supply firms and construction compa- 
nies may take investment positions 
opposite those of the insurance indus- 
try. Not only can these be profitable 
investments for the building suppliers 
and construction contractors, they can 
also add depth and liquidity to the 
catastrophe insurance futures market. 
While each group has its own con- 
cerns regarding entrance into the 
futures market, all must be concerned 
with determining the level of correla- 





tion between their own catastrophic 
loss experience and that of the index. 
if there is a high level of correlation, 
then a major barrier for market 
entrance is removed. 

Each of the potential investors 
stands to gain from effectively invest- 
ing in the catastrophe insurance 
futures market. As more and more 
investors become part of the market, 
its liquidity and effectiveness will 
improve. 


OBSTACLES TO SUCCESS 

There are currently several major 
problems with the use of catastrophe 
insurance futures. These issues include 
accounting, regulatory and liquidity 
concerns. Stigmas and psychological 
concerns about catastrophe insurance 
futures also play a role in the sparse 
use of this alternative. 

Accounting concerns: The fact that 
gains in catastrophe insurance futures 
are considered investment income 
creates a perplexing accounting prob- 
lem for insurers. They want to show 
the income as counteracting their 
underwriting losses, but current 
accounting principles dictate that 
futures earnings should be reported as 
investment income. There are no stan- 
dards governing accounting proce- 
dures for catastrophe insurance 
futures. This has created a sense of 
confusion within the industry that has 
caused many to abandon considera- 
tion of the concept. 

Regulatory issues: The regulatory 
battle is complex because many regu- 
lators have yet to decide if catastrophe 
insurance futures are a viable means 
of hedging. In fact, many regulatory 
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bodies are waiting to see what type of 
experience insurers are having with 
the use of the futures before they pass 

Illinois was the first state to specifi- 
cally address regulatory standards for 


catastrophe insurance futures. In ` 


other states, catastrophe insurance 
futures are addressed by investment- 
basket clauses. These clauses prevent 
insurers from developing “baskets of 
investments” that are large enough to 
allow the insurers’ profitability level to 
become contingent on the outcome of 


their investments for the year. | 


Regulators have placed limits on the 
riskiness and amounts of investments 
insurers can purchase. Because futures 
are considered risky, many states have 
set limits on the amount of these 
investments insurers can hold. This 
amount is generally significantly lower 
than the amount needed to construct 
an effective catastrophe hedge. 

While the lack of regulation has 


been a hindrance for some wishing to. 


enter the market, in other cases it has 
not been a factor. Many of the reinsur- 
ers that have considered catastrophe 
insurance futures as a viable option are 
located offshore. Thus, decisions made 
by state regulators do not affect them. 
Self-insureds, captive insurance com- 
panies and other nontraditional risk 
management sources can also enter the 
market without direct permission from 
regulatory bodies, but these sources 
are only a small percentage of the 
potential traders in the market. For the 
market to grow, regulators will have to 
provide a favorable scenario that may 
entice the insurance industry. At the 
same time, regulators will have to be 
able to assure the public that catastro- 
phe insurance futures will not jeopar- 
dize the financial stability or liquidity 
of the insurance industry. 

Liquidity shortages: The CBOT has 
limited participation in this market by 
restricting the size of the hedges insur- 
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ers can construct. The primary reason 
for this rule is that the market for 
catastrophe insurance futures is still 
relatively small. Because the CBOT 
wants the futures’ price to be based on 
the movements of the catastrophic 
index, rather than demand in the mar- 
ket, large purchases, sales or holdings 
are Mot permitted at this time. This 
causes a problem for large insurers 
because they cannot construct an effi- 
cient hedge with the current limita- 
tions. It also creates a problem for 
those who would like to buy or sell 
their holdings on short notice. The 
liquidity problem will not be solved 
until more investors begin to partici- 
pate in the market. Yet, as with many 
of the issues surrounding these 
futures, people will not begin to par- 
ticipate until the liquidity problem is 
solved—creating a type of Catch-22. 
Lack of demand: While most people 
in the insurance industry agree that 
the basic principles for the catastrophe 


| * Grasp how improved cash flow and claims control can make general liability self-insurance economically attractive 
s Establish a self-insurance department, and develop the ability to evaluate various self-insurance alternatives from 
both a financial and operational point of view | 
° Identify the major factors inherent in a self-insurance program that can result in more effective loss prevention results 
* Understand how the internal organizational structure of the company becomes a critical factor in the success of 


a self-insurance program 
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insurance futures are viable, many do 
not see how futures can fit into their 
situation. Others simply are content 
with the current state of their reten- 
tion and risk transfer systems. 

Similar arguments have been made 
after the initial introduction of ‘other 
financial instruments. For example, 
there was a lack of interest when 
futures linked to U.S. Treasury bond 





interest rates were introduced in the 
1970s. For the first few years after 
they were introduced, trading was 
very light. At the time, many investors 
could not rationalize a need for these 
futures. Now they are the most widely 


" traded contracts on the CBOT. It may 


be a matter of time before the insur- 
ance industry can see the benefits of 
catastrophe insurance futures. If there 
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is a sound real-life example of their 
successful utilization, more prospec- 
tive investors will recognize catastro- 


phe insurance futures as a legitimate 


financial tool. 

Conservative cultures: For the most 
part, individuals in the insurance 
industry do not strive to radically 
change the status quo. They tend to 
move with caution, taking time to be 
sure that their decisions will provide 
the best long-term benefits possible. 
This has generally been considered an 
asset due to the fact that it prevents 
that could jeopardize liquidity. 
Because catastrophe insurance futures 
have not been a part of the traditional 
way of doing business, insurers may 
be reluctant to bring futures into their 
business plans. Catastrophe futures 
simply do not appear to fit their cor- 
porate cultures or philosophies. Many 
companies pride themselves on the 
simplicity and strength of their cur- 
rent condition and are not willing to 
jeopardize their financial stability with 
a new “trendy” investment technique 
that has not proven to be successful 
over the long term. 

Lack of education: One of the prob- 
lems facing the CBOT is that many 
potential investors either have little 
knowledge about catastrophe insur- 
ance futures, or that investors have 
misconceptions about the futures. 
Educating the insurance community 
could help expand the market for 
catastrophe insurance futures and 
could also serve as a means for the 
CBOT to refine the product. There are 
many issues that still must be ironed 
out to make the process run smoothly. 
By interacting with potential investors, 
the CBOT could help them develop 
viable solutions for these problems. 
This process could also help the CBOT 
develop other insurance futures. 

Many people feel that in time, the 
catastrophe insurance futures market 
will grow. Markets and needs are 
continually evolving. As its capacity is 
stretched to new limits, the insurance 
industry will have to develop innova- 
tive new tools to fund these risks. 
Financial alternatives such as catas- 
trophe insurance futures have the 
potential to fill such a gap. Iu 
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INTRODUCTION 


Insurable events such as product liability suits, toxic torts, physical damage to corporate assets, 
etc. represent a major production cost to U.S. industry. Some years ago, Mayers and Smith( ) noted 
that corporate insurance costs alone were of a comparable order of magnitude to dividend payments. 
Yet this comparison understates their current importance. With the continued expansion of the tort 
system (Huber & other cites) and the allocation of costs of cleanup of sites containing hazardous 
wastes imposed under "Superfund" (cite), these costs have risen substantially in the past decade. 
Moreover, many corporations self insure a major portion of such costs, and these costs are not always 
apparent ex ante. 

The traditional corporate strategy has been to insure these events. According to the insurance 


literature, this strategy is based on a somewhat generalized notion that risk is costly to the firm and 


that insurance provides an appropriate hedge.! However, it is normal for firms to retain part of their 


loss exposure by means of a deductible or by purchasing insurance in the excess risk market thus only 
TT losses are insured. This widespread convention is rationalized in the insurance literature? and 
1s based on loss distribution characteristics that are typical in many corporate loss distributions. For 
medium to large size firms, small losses (small fires, employee injuries, vehicle crashes, etc.) occur 
with regularity and their total cost is predictable within tolerable limits. Retaining such losses 
introduces little uncertainty in the value of the firm and such losses can be left uninsured. This 
strategy even has a name, "trading dollars". Larger losses are a different kettle of fish. These tend 
occur with much lower frequency and can have an appreciable impact on the value of the firm. On 


the notion that risk is costly, such losses should be hedged by insurance if the transaction costs are 


not too high. 


*See f or example, Williams and Heins, 6th ed, part C; Rejda, 3rd ed, Chpt.3. 
7E.g. Rejda, 3rd ed P.52-53; Williams, 6th ed. Part C, especially Chpt 13. 


5Since small losses are predictable in aggregate then insurance would simply involve a trade of 
known dollars of premium for (relatively) known dollars of loss settlements. 
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Recent finance literature has provided some rationale for why risk is costly to a firm's 
stakeholders (Mayers and Smith, Main, Shapiro and Titman, Smith and Stultz, etc.). Risk related costs 
arise from financial distress, convexity in tax f wees and agency costs, etc. Moreover, the cost of 
bearing risk to the various stakeholders interacts with other financial characteristics, notably capital 
structure. These considerations suggest that the optimal risk management and insurance strategy, 
cannot be based on a generalized notion of corporate risk aversion but must address the effect of risk 
on the value of the various stakeholder claims and how such effects filter through to residual 
claimants. | 

There are other economic factors which have received less attention. Insurance markets are 

subject to various imperfections. Rather than be considered as a single market, the insurance market 
| is better conceived as a network of interlocking markets where celis are defined by line of insurance, 
| size of exposure, location, seniority of insurance claim, etc. The degree of competition, and thereby 
prices, varies across this network. Further imperfections are present. Insurance contracts are sub ject 
to enforcement losses and costs. All insurers have non zero probabilities of insolvency and, even 
absent financial distress, potential disputes between the parties reduce the net expected payoff under 
the insurance contract. Such enforcement costs can become important when prospective losses are very 
large. Insurance markets have limited capacity to write large exposures and many potential corporate 
losses are so large that insurance is simply unavailable. Finally, insurance usually is bundled with 
ancillary products which include risk assessment and monitoring and loss settlement services. 

In this paper, we address these economic issues to the —* and ‘ick management strategy 
of 2 major corporation. The choice of subject, British Petroleum (BP), is of particular interest; it is 
a very large corporation with capitalization rivaling that of the section of the insurance market from 
which it has purchased insurance. It is a relatively undiversified firm in its product mix, it is 
predominantly an oil company with both upstream and downstream activities. Its main businesses 


exploit a limited range of complementary technologies and the nature of its organizational capital is 





* Most unrelated businesses were spun off or sold during the 1980's. 
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readily understood. The nature and sins of its activities generate possible losses which range from 
small routine losses (collisions of road tankers) to those which are so large (environmental damage 
from oilspills) they stretch or exceed the capacity of the insurance market to insure them. Thus, the 
case provides an opportunity to test the limits of the insurance and for comparing the financial and 
organizational capital of the policyholder with that of insurers in order to derive comparative 
advantage in risk bearing. While the risk management strategy derived for BP is peculiar to its 
corporate and market circumstance, it does nevertheless serve to illustrate the f ragility of conventional 
wisdom. The interaction of economic factors leads to a strategy which turns conventional wisdom on 


its head. Rather than retain small losses and insure the larger ones, BP has done exactly the reverse. 


IL. THE BENEFITS AND COSTS OF CORPORATE INSURANCE 


ILa. THE BENEFITS OF CORPORATE INSURANCE 

The nature of insurance is that, by the pooling of many exposures, relative risk is reduced. 
This benefit is reaped in mutual insurance companies simply by tión many policies. For stock 
firms, the sub-division and trading of residual claims on the insurance pool in capital markets, 
provides further opportunity for diversification. Thus, insurance may be thought of the provision of 
low cost diversification services. This is of value for those who hold undiversified asset portfolios and 
who cannot issue low cost claims against these portfolios. Individuals and small privately held firms 
typically fall into this category. Publicly traded corporations differ in that their ownership claims are 
subdivided and traded in capital markets. Public ownership provides a close substitute for insurance. 
Consequently, insurance will have little or no effect on the firm's cost of capital. Insurable losses may 
represent risk which is diversifiable in the capital market and therefore commands no risk premium. 
In this case, the discount rate is —— by the purchase of insurance. Alternatively, insurable 
losses may represent systematic risk and command a risk premium in the firm's cost of capital. In this 


case, insurance will affect the firm's cost of capital, but the insurance premium paid to the insurer 


will include an appropriate risk premium, thus neutralizing any possible gain from competitively 
priced insurance. (see Doherty and Tinic 1982, Main 1982, Mayers and Smith 1982). 
The foregoing suggests that any gain in value from the corporate insurance for widely held 


firms, must arise from an increase in expected earnings. In this section we will summarize these 


effects. 





Typical insurable events include the physical destruction of assets (plant, buildings, vehicles, 
etc), loss of income that would have been nr by those assets had they survived, and liability 
awards made against the policyholder. Since senior claims on the firm are not excused in the event 
oí uninsured losses, the losses fall deadweight on residual claimants. On realization of an uninsured 
loss, the value of equity will fall and leverage will increase. If these events are insured, the loss in 
satus of equity is hedged. With a perfect hedge (i.e. full insurance), equity will be restored to its 
preloss value (ceteris paribus) and consequently the preloss capital structure will be restored. 

But this assumes that the firm does not become insolvent. With insolvency, uninsured loss will 
be put to senior claimants, at least in part. Consequently, if an insurance policy is in place, the 
probability of insolvency is reduced since the senior claimants effectively have prior claims on the 
proceeds of the insurance policy. From this Observation, two benefits to corporate insurance can be 
identified (cite Mayers and Smith, etc.). The first is straightforward. By reducing the probability of 
insolvency, insurance reduces the expected costs of bankruptcy and financial distress. Since these costs 
are borne ex post by senior claimants, then ex ante the price of senior claims will rise if corporate 
assets are insured. 

Ihe second benefit from insurance arises from the joint effect of risk, limited liability and 
leverage on project selection (cite Myers, JFE 19772). Having raised debt, the firm's owners have an 
incentive to select high risk projects since they will exclude from their project criteria the value of 


the default put which is held by debtholders. By excluding the default put and thereby distorting the 
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project selection criteria, the firm might select negative NPV projects or reject positive NPV projects. 


Such behaviour is anticipated by rational bondholders and will be reflected ex ante in the bond price. 





Thus the loss of value from distortions in project selection falls ex ante on shareholders. Insurance 


can be used to resolve such time inconsistent incentives. First, insurance reduces the risk of 
insolvency for any given portf olio of projects selected by the firm.? This will reduce the value of 
the default put and will thereby reduce distortions to project selection. Second, there is a class of 
prospective — selection decisions that is Gissensd by the insured event. These decisions relate 
to the replacement of corporate assets that have been destroyed (e.g. rebuilding the destroyed factory). 
AS Shown by Mayers and Smith (JRI article), hossa can be used to bond the shareholders to select 


all (and only) positive NPV projects. 





Claimholders. 


Writing effective managerial compensation contracts, zs with other principal/agent contracts, 
requires an appropriate balance of risk sharing and efficiency. | Ihe usual configuration is that 
shareholders have a comparative advantage in risk bearing over managers since the latter have a heavy 
investment of human capital in the firm and cannot (at low cost) issue claims on that capital. On the 
other hand, efficiency considerations require that orcas be linked to appropriate performance 
measures such as the share price or other measures that link agent performance with the wel£ are of 
the principal. The problem is that performance proxies tend to display considerable variation that is 
unrelated to agent performance, i.e. noise. The higher the signal to noise ratio, the more effective the 
performance measure in motivating appropriate behaviour. One source of noise is uninsured losses. 
In the absence of moral hazard, insurance will increase the signal to noise ratio and will thereby aid 


the writing of managerial compensation packages. 





"Except perhaps if the insurable events display a high negative correlation with other corporate 
earnings. 


This benefit may be reaped at various levels within an organization. For example, senior 
management compensation of ten is linked to share value and insurance can be purchased to reduce 
the noise in the share price. The profit center concept can be used both laterally and vertically within 
the firm to provide appropriate compensation to divisional management. Correspondingly, insurance 
may be used to reduce noise in divisional profits and thereby aid the writing of incentive compatible 
compensation packages with divisional managers. Of course, the firm could use a set of internal 
transfers to those divisions that suffer loss in order to purge divisional profits of the effect of the loss. 
However, insurance may have other advantages. Prospective losses are a cost of production. Insofar 
as local insurance markets are competitive, premiums provide an appropriate ex ante measure of that 
cost. 

Some similar issues arise in writing contracts with other stakeholders. Employees, trade 
creditors and those holding performance warranties against the firm are affected by the riskiness of 
the firm’s operations. Risk bearing is often costly to such stakeholders (e.g. employees usually have 
a Significant firm specific investment with their employer) = they will extract an appropriate risk 


premium. This risk premium can be reduced by insurance. 





Besides hedging loss exposures, insurers provide a set of ancillary services. These additional 
services include actuarial assessment of the loss exposure (estimation of the parameters of the loss 
distribution), safety and loss control audits, claim handling services, and loss mitigation services. 
These services usually are bundled with insurance though occasionally they are priced and sold 
separately. At issue is whether the insurer has a comparative advantage over the customer in the 
provision of such services. 


Insurance markets function efficiently when insurers accumulate large numbers of exposures. 
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These conditions not only permit effective risk reduction through pooling (when exposures have tow 
correlation), but also permit insurers to accumulate specialized organizational capital. Such portfolios 
provide data bases that are amenable to actuarial analysis. Thus insurers are able to classif y individual 
exposures and infer loss distribution parameters. From the insurer's perspective, this 1s necessary to 
set competitive insurance premiums. Failure by one insurer to categorize individuals according to loss 
expectancy will lead to adverse selection by policyholders and this will convey a competitive 
advantage to rivals (Hoy, Crocker and Snow). Thus competition will lead insurers to maintain and 
improve their data bases and refine their actuarial models. 

One might suppose that the insurers' data bases and actuarial assets would convey a 
comparative advantage over potential policyholders in estimating the latters' loss distribnñans, For 
exposures such fires, vehicle collisions, workers’ industrial injuries, etc, this will normally be the case. 
The frequency of such events makes them amenable to statistical analysis. For other exposures, in 
which new or specialized technology is used, or if losses are infrequent, statistical analysis is less 
useful and other estimation techniques are required such as engineering risk assessment. Examples 
include the failure of new pollution remediation techsiques, Qin destruction or failure of satellites 
from either satellite system faults or destruction of the launch vehicle, injurious side effects from a 
new class of pharmaceuticals, etc. The firms which acquire the organizational capital required for the 
develop such technologies will have that same capital available for risk assessment. Insurers rarely will 
replicate such capital. Thus production firms rather than insurers will have the comparative advantage 
in risk estimation for such exposures. 

Similar issues arise in connection with safety, loss control and loss mitigation. Insurers data 
bases permit them to identify common types of accidents such as fires, vehicle collisions, workplace 
injuries, etc and can often advise clients on potential sources of risk and how expected losses might 
be reduced. Some specialist insurers (e.g. the Factory Mutual Insurance Firms) focus as much on the 
safety audit as on the provision of insurance services. However the more complex and specialized the 


technology, the more likely it is that the producer, not the insurer, will have the comparative 


advantage in designing and implementing a loss reduction program. For example, an aviation insurer 
might provide valuable advice to a small airline on safe operating procedures, but is unlikely to 
contribute significantly to Boeing’s or McDonnell Douglas’s design plans for a new generation 
airplane, 

One particular area in which insurers have a significant capital investment is the defense of 
lawsuits. Access to the insurer’s lawyers and other defense resources, can reduce the expected costs 
of third party liability claims. Insurers are constantly defending such cases, whereas individual 
policyholders will see such cases infrequently. Moreover, the adverse reputation effects which might 
arise from vigorous defense of a product liability or workers’ compensation lawsuit are partly 
externalized to the insurer who effectively conducts the case. This is particularly useful where third 
party claimants have a continuing relationship with the firm such as workers’ compensation or 
product liability claims. Reputation is less important when the third party claimant has no contractual 
relationship with the firm, such as a third party injured in a vehicle collision. The value of the 
insurer's defense capability will be lower to large or specialized firms that employ an "in house" legal 
defense capability. x | 

Another ancillary benefit of insurance is that it is sometimes required under financial 
responsibility laws. For example, in many jurisdictions an operator of motor vehicles must have 
insurance or show other evidence of financial capability to discharge third party liability claims. 
Similar financial responsibility requirements are often found in workers compensation insurance. A 
further example in U.S. is the financial responsibility requirement attaching to the handling of 
hazardous materials under the Resource Control and Recovery Act of 19.. In most cases the 
requirements are modest relative to the resources of medium to large size firms. For example, in U.S. 
liability insurance the requirement is typically in the range of $30,000 to $50,000. Under RCRA, 
evidence of financial responsibility is required up to *****(check). Thus, this type of spin off from 


insurance attaches only with the insurance of relatively small losses. 
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IL.a(iv) Tax Benefits 9 

Many tax jurisdictions permit the deduction of either insurance premiums or of uninsured 
losses. Given (a) a constant marginal tax rate and (b) actuarially fair premiums, such provisions would 
have a neutral effect on the decision to purchase insurance; the expected value of tax deduction would 
be the — with insurance as without. However, both assumptions are strong. With premium loadings 
(premiums exceed actuarial value) the value of the tax deduction will increase with insurance 
purchase. 

In many jurisdictions tax functions are convex in corporate earnings; ie. they are progressive. 
Progressivity can arise from increasing marginal tax rates, from the inclusion of tax shields such as 
depreciation allowances and carry backs, from the absence of interest accumulation of Carry forwards, 
from the Alternative Minimum Tax provisions, etc. Given convexity, a straightforward application 
of Jensen's inequality confirms that the expected value of taxes can be reduced by reducing the 
variance of earnings. Given the tax treatment of insurance premiums and uninsured losses, and absent 
a Strong positive correlation between losses and earnings, insurance may be used to reduce earnings 
and thereby reduce the value of the tax put. This benefit has local characteristics. Fora multinational 
firm, tax may attach in various jurisdictions. The value of the tax put in each jurisdiction will be 


determined inter alia by the variance of earnings in that jurisdiction. Thus local insurance protection 





may reduce local tax obligations, even though such policies have little impact on the riskiness of 


aggregate corporate income. 





| Insurable losses present the firm with a reinvestment decision; should destroyed assets be 
replaced?. Given the resolution of incentive conflicts described in Ia. above, there will be a need 
for funds for reinvestment if the NPV is positive. Clearly, insurance competes with debt and equity 


as a source of financing. In the absence of insurance, the firm will rely on internal or external funds 


ERA 
"Many of the tax issues are discussed in Main 1982, and Mayers and Smith .... 
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and, given the higher transaction costs associated with the latter, there normally will be preference 
for using retained earnings. If internal sources are sufficient or if the capital costs can be spread over 
a sufficient time, it may be preferable to tolerate a temporary increase in leverage to avoid the high 
transaction of a new issue. But if the loss is large and capital costs must be incurred quickly, a new 
issue will be required. For such losses, insurance provides a leverage neutral source of financing that 
permits the firm to avoid the transaction costs of hurried new issues following a loss. 

Insurance has its own transaction which, in some respects are similar to those of new issues; 
for example, both insurance and new issues face costs of information asymmetry. Moreover, insurance 
may have somewhat closer substitutes than new equity or bond issues. For example, some fi iris hold 
dedicated lines of credit that may be drawn in the event predefined property or casualty loss. 
Insurance will be at a comparative advantage as a source of financing for firms with low liquidity and 


for small firms for whom the transaction costs of new issues are disproportionately high. (cite ?). 


ILb. THE COSTS OF CORPORATE INSURANCE 





The insurance premium payable will reflect the insurer's estimate of the expected loss, various 
administrative cost, the costs of providing ancillary services, a premium required by the insurer's 
owners for bearing any systematic risk, efficiency losses (moral hazard and adverse selection) and any 
rent that might be captured by the insurer. The loading in the premium is the difference between the 
expected loss and the actual premium. Clearly, the higher the policyholder's perception of the loading, 
the less attractive is insurance. The perceived loading dica on the policyholder's expectation of 
loss and will reflect rent and transaction costs implicitly as the difference between this expectation 
and the actual premium. 

Some elements of the loading may not be viewed as a deadweight loss to the policyholder. We 


have already discussed the various ancillary services offered by the insurer; some of the loading might 
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simply be viewed as the price of these bundled services. However, other aspects of the loading will 
deter insurance purchase. This is true of insurer rent, administrative costs and the costs of moral 
hazard and adverse selection. This permits us to offer conjectures on the comparative advantage of 
insurance compared with other risk management strategies. Moreover, these conjectures add further 
fuel to the argument that the costs of insurance will rise with the size of the loss insured. 

First, the ability of the insurer to capture rent depends on the degree of competition. The 
insurance market place might be thought of as a network of separate markets delineated by line of 
business, size of loss, type of policyholder and by location. Some sub markets are highly competitive 
since they accommodate many insurers selling dice numbers of small, homogenous policies which 
have low correlation and for which expected losses are easily estimated (cite Joskow). For such 
markets, barriers to entry are low. Since aggregate losses are fairly predictable, modest Capital is 
required to maintain a low ruin probability. Moreover, the routine nature of the business and the 
presence of established independent selling networks (independent agents and brokers) requires only 
a modest investment in underwriters, actuaries, engineers, assessors and other technical skills. Such 
markets include many personal insurance lines, various insurance of small business and also the | 
routine small property and liability losses incurred by large firms.? 

At the other end of this spectrum, the market for large losses, and for certain special types 
of risks, has significant entry barriers and supply is distinctly limited. For example, writing pollution 
insurance requires a considerable investment in a capability to provide environmental audits and risk 
assessment; there are only a handful of U.S. insurers active in this market (e.g. A.LG. and Reliance). 
Very few insurers have been willing to make a market in very large exposures. To do so requires that 
the insurer invest heavily in establishing reinsurance f acilities (this is largely a reputational 


investment) and to commit a relatively large surplus to maintain an acceptable ruin probability in a 
l— ES 

"For example, the fire insurer insuring 5,000 independently owned retail grocery stores will 
significantly improve its diversification by insuring one further policyholder which is a chain owning 
4,000 stores. It might further improve its diversification by insuring the smaller losses on much bigger 


risks, e.g. small fire losses (e.g. not exceeding $500,000) on department stores, electronics 
manufacturers, etc. 
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business with a high coefficient of variation. A significant portion of the world capacity for insuring 
very large and unusual exposures is provided by Lloyds of London. This is, in part, due to its 
particular organization form. With unlimited liability, Lloyds syndicates can rely on implicit surplus 
in the form of a call on the wealth of their members. However, since the value of this call depends 
on the net worth of the members, the membership of Lloyds’, and therefore the available supply of 
insurance, is highly restricted. Thus, the market place for pollution insurance, unusual lines of 
insurance, high risk lines and for very high levels of insurance of all lines of insurance is 


characterized by entry barriers and the potential for insurer rents. 





Moral hazard and adverse selection arise naturally from insurance contracts. Moral hazard will 

‘tend to deter insurance purchase for all potential policyholders since the costs of hidden actions will 
be anticipated in the insurance premium. Adverse selection will tend to deter insurance purchase 

selectively for those policyholders who are of low risk relative to their class. One control for such 

problems lies in the ce of insurance (see for example Stiglitz 1934 ? Rothschild and Stiglitz, 

1976, Wilson 1977) and though second best equilibria may be attainable with such devices (Crocker 

and Snow 1986) there is a sense of throwing the baby out with the bath water.) An alternative control 

device is experience rating under which the da for future insurance contracts depend on prior 

claim experience. This not only encourages safety on the part of the policyholder (Dionne, Rubinstein 

_ and Yaari) but also can be used to reveal hidden information on the loss expectancies of different 
policyholders (Cooper and Hayes, Dionne and Doherty). If losses are frequent, experience rating is 
effective in motivating care on the part of the policyholder. Similarly, when losses are frequent, then 
experience will reveal hidden loss characteristics quickly, information asymmetry will be rapidly 
reduced and the cost of adverse selection will be correspondingly low. Conversely, experience rating 


is a less effective control when losses are infrequent. Given a robust tendency for loss frequency to 





ŠIn order to make ef ficient insurance markets one must partially restrict insurance supply. 
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be negatively correlated with size, it follows that the costs of adverse selection and moral hazard will 


be higher ceteris paribus, the larger the size of the loss insured. 





The amount of insurance protection that can be purchased for a single event such as a class 
action lawsuit, loss of an oilrig, etc, is not limited by the financial capability of individual insurers, 
Insurance is commonly syndicated amongst several insurers or sometimes the policyholder will stack 
up layers of insurance protection by purchasing separate policies from several insurers (surplus lines 
insurers). Moreover, the capacity of individual insurers can be extended by selling secondary claims 
on its policies (or on its whole portfolio) in the reinsurance market. But, even given such possibilities 
for combining the capacity of several insurers, there are definite limits to the amount of insurance 
Protection that is available in the marketplace for Single events or for accumulations of losses to a 
single policyholder. Asa rough rule of thumb, it is difficult to place insurance for losses in excess of 
$500 million and rare to find protection in excess of $1 billion. Thus, as a practical Proposition, 
insurance is unavailable for losses exceeding $0.5b or so. | 

Within the absolute limits of insurability the quality of insurance is not constant. Insurance 
contracts are not fully enforceable against a bankrupt insurer. Moreover, enforcement of the contract 
against a solvent insurer can eai significant costs since the insurer can dispute liability and/or delay 
settlement. These costs include legal costs of bringing suit against the insurer, the time value of 
delayed settlement, smaller settlement than might arise in the absence of dispute, and increases in the 
costs of writing future contracts between the parties because trust and reputation have been damaged, 
Various arguments suggest that the costs of enforcement are likely to rise with the size of the claim, 
First, and perhaps most obvious, is that a large claim might trigger the bankruptcy. But falling short 
of bankruptcy, large claims of ten Cause significant financial stress to insurers. This is particularly so 
in the surplus Lines market where the variance of liabilities is usually very high relative to the 


insurer's surplus (equity). Thus events such as the liability insurance crisis of the mid 1980's and the 
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earthquake and windstorms of 1989, brought several insurance failures notably amongst excess lines 
insurers and reinsurers (Source?). It is almost trivial to suggest that the willingness of an insurer to 
incur the adverse reputation costs of disputing claims will be greatest when the insurer is under 


financial stress. 


Other reasons for associating enforcement costs with the size of claims relate to the relative 


frequency of large and small claims. The distribution of the frequency of losses by size typically is : 


skewed to the right. Small losses occur routinely but large losses are rare. This has two implications. 
Small losses tend to be repetitions of similar events, vehicle crashes, workplace injuries, small fires, 
etc. Given the accumulated experience of the parties in negotiating past claim settlements (and the 
experience of courts in construing contact wordings in connection with these events) there is limited 
scope for the parties to disagree on what is covered. Large and unusual losses often present unusual 
facts and challenges to insurance contract language for which there is little experience. The scope for 
different interpretations, and therefore the expected enforcement cost, is correspondingly large. 

The potential for dispute under large claims can be aggravated by reinsurance. If a primary 
insurer disputes a claim and loses the ensuing litigation, the primary insurer must settle the claim to 
its policyholder and the reinsurer is then bound to the primary firm. However, if the primary settles 
a claim without challenge, but the reinsurer considers that the loss was not covered by the primary 
contract language, the reinsurer might dispute its settlement to the primary. Consequently, when 
deciding whether to settle or fight claims, primary firms have to anticipate both the chances of being 
successful in lititgation with their policyholder and n they can carry their reinsurer in any 
settlement. Reinsurance usually attaches on large losses and consequently, this reinforces the positive 
correlation between enforcement costs and loss size. 

Ihe frequency of losses also determines the effectiveness of reputation as a control on 
opportunistic behaviour. The perceived quality of an insurance contract is determined largely by the 
reputation of the insurer in settling claims. At the annual round of rebidding to renew insurance 


contracts, the policyholder has considerable new information on the insurer's performance in settling 
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frequent small claims. The insurer is unlikely to sacrifice its reputational investment in its clients for 
modest Savings in disputing small claims. For large infrequent claims reputation is e such an 
effective control. Much depends on how client specific is the reputational capital. The expected 
saving from disputing a large claim may be large relative to the future profit the firm can extract 
from that policyholder. Consequently, if the reputational cost can be limited to that policyholder, the 
insurer might well choose to dispute the claim, delay payment or bargain vigorously on the settlement. 
However, if this behaviour is observed widely (e.g. if the case is litigated) the ón costs will 
not be confined to that client and the reputational effects will be somewhat larger. In general, one 


would expect that insurer is more likely to behave opportunisticly in the event of large claims. This 


provides an additional reason why enforcement cost would be positively related to loss size. 


ILc Summary 





A striking pattern that emerges is that both the costs and benefits of insurance bear a 
relationship to the size of the loss insured. Some the benefits of insurance” arise because insurance 
can reduce risk and thereby reduce the value of option like claims on the firm. The benefits were 
mainly "global" in nature?®- ie, they arose from the effect of insurance on the riskiness of aggregate 
corporate numbers such as the value of the firm or of its earnings. If insurance is to create value, it 
must be capable of reducing aggregate corporate risk. However, firms of medium/large size typically 
exhibit the statistical pattern of many small losses (which are readily predictable in aggregate) and 
tew large losses. Since insurance of the small losses will have little effect on riskiness of corporate 
value and earnings, it will have little effect on such costs as financial distress. On the other hand, if 


losses that are large in relation to corporate value are uninsured, costs such as financial distress will 


= 





9Other benefits, such as the value of ancillary services, may also relate to size as argued but the 
relationship is more complex than for the costs of f; inancial distress. 


10The exceptions were the tax.claims which depend on the riskiness of local taxable income and 
the ability of insurance to reduce the riskiness of loca] prof1t measures and thereby mitigate the risk 
return trade off in compensating local managers. 
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be significant. But the same distribution over small and large claims also suggests that the costs of 


insurance will likely increase with size of loss because of less effective competition for large losses, 


less effective controls on moral hazard and adverse selection, etc: This relationship to size was very 


influential to BP’s adopted risk management strategy as we shall now see. 
III. BRITISH PETROLEUM. 


IILa Profile of BP and its Loss Exposure 

BP comprises four operating companies. BP Exploration, as 1ts name suggest, is the "upstream" 
company which is responsible for exploration and development of new oil resources. PB Oil is the 
"downstream" business and its activities range from refining, distribution and retailing of petroleum 
- and oil products. The remaining companies are BP Chemicals (which concentrates in petrochemical, 
nitrates, acetyls and nitrates) and BP Nutrition, a relatively small company committed to the animal 
feed business. The assets of the companies include exploration and extraction licenses, a heavy 
investment in scientific and technical human capital which E ic to the oil industry (though it 
may be readily transferrable to other oil firms), production and distribution assets including rigs, 
pipelines, refineries, ships, road tankers, filling stations etc. Overall, the firm has two major 
concentrations of value, its production licenses and f acilities in the North Seaand in the Alaska North 
Slope. This value concentration, together with its limited range of activities, imply that 1t is relatively 
undiversified. This is certainly true with respect to business risk but it is only partially true with 
respect to insurable risks. Despite the concentration in production, BP has a wide spread of risk at the 
distribution end. This may be illustrated by the fact that it has some 13,000 service stations in some 
50 countries. | 

Perhaps the most salient feature of BP is that it is big. It is the biggest company in U.K., the 


second largest European company and one of the biggest in the world. BP's equity capital is 


17 


193 


194 


approximately $35 billion’? and, with a debt/equity ratio of about 0.4, it has outstanding debt in 
the order of 515 billion. After tax profit has averaged $1.9 billion over the previous 5 years with a 
standard deviation of $1.1 billion. 

BP's loss exposure ranges from very routine small losses to potential losses in the multi billion 
dollar range. At the low end of this scale, there are many road vehicle accidents, small shipping 
accidents, isolated industrial injuries, small fires, equipment failures, etc. Of a larger iile, loss 
scenarios include refinery fires or explosions, loss of offshore oil rigs, minor environmental damage 
from oilspills, loss of (nautical) oil-tankers. Large losses could inciude cleanup costs arising from 
major oilspills (of Exxon Valdez consequence or larger), tort claim for widespread injuries caused by 
release of toxic chemicals, liability for defective fuel causing major airline disaster, loss of offshore 
rig with major loss of life (The Piper Alpha case being illustrative). Perhaps one of the largest 
foreseeable losses to 2 oil firm would be the withdrawal of operating licenses as a consequence of 
political decisions made following environmental damage. 

A quantitative picture of BP’s loss exposure can be portrayed from its estimated loss 
distribution”, Using actuarial techniques various distributions were fitted around past BP loss data, 
industry data, hypothetical loss scenarios. Curve fitting permits estimation of the tail of the loss 
distribution despite the absence (or virtual absence) of very large losses in the past loss record. 
Distributions such as the compound poisson were found to fit reasonable well. From this technique, 


the following numerical picture of BP's loss exposure emerges. 


FA 


information is given at late 1990. This is the time at which BP conducted a study of its risk 
management strategy. 


Bp employed independent actuarial consultants to estimate the loss distribution. The actuaries 
had access to extensive industry and BP loss data. In addition, loss scenarios were constructed for 
possible large and unusual events that were not in the loss record but which nevertheless were 
considered to be feasible. It would be rare for an insurer to undertake a study of this intensity to 
estimate the loss distribution for an individual client. 
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TABLE 1 

Loss Range Number Average Total Standard 

per year Loss annual cost Deviation 
$0 -$10m 1845 $0.3m $52m $12m 
$10m- $500m 1.7 540m 370m $98m 
$500m plus 0.03 $1000m $35m | $233m 
Whole 
Distribution 1847 $0.66m $157m 


Putting these figures alongside appropriate BP numbers and alongside appropriate insurance 
market indicators is useful. First, as noted the maximum loss that can normally be placed in the 
insurance market is in the order of $0.5b to $1.0b (which explains the segmentation of the loss 


| 0-54 
distribution above). Noting that losses are tax deductible and assuming a 35% tax rate, a loss of H=85 


b 8 

represents less than s of the market value of E equity, 1t represents e er average annual after 
tax earning of ie five years and is about 6696 of the standard deviation of average earnings. Some 
further indication of the possible effect of insurance on BP is gained by comparing the risk from 
major insurable exposures with BP overall risk. Note first that the standard deviation of after tax 
earnings for BP is in excess of $1b. In comparison the standard deviation from self insuring small 
losses (less than $10m) is only $12m and the standard deviation from insuring larger losses, but still 
within the insurance market's capacity, is only $98m. Since insurable risk is modest relative to annual 


earnings one can conclude that self insuring these losses would add little to the riskiness of the value 


of the firm. 


IIT.b Previous Insurance Purchases 
To the present, BP has insured its property, liability and business interruption exposures to 
the extent that supply has been forthcoming. Liability insurance and business interruption insurance 


has been placed largely with external insurers, though some insurance has been purchased from an 
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oil industry mutual, O.LL. of which BP is a joint owner. O.LL. in turn reinsures with unrelated 
reinsurers. Some of property insurance is purchased directly from insurers. Other property is insured 
with a captive insurer, however, the captive then reinsures excess liability with external reinsurers. 


Thus, in total, BP has secured considerable insurance protection from external insurers. Virtually all 


` of this insurance relates to the first two layers in Table 1 and most is in the second layer, ie from $10 


to $500m. With one or two exceptions, no insurance has been available above $500m thus BP has 
always self insured in this range. Over a ten year period, BP has paid $1.15 billion in premiums and 
has recovered $250m in claims (both in present values). This appears to be about a 360% loading on 
realized losses. One can explain this loading as (a) a reserve against catastrophe losses, as (b) a 
payment for ancillary services or as (c) a payment for transaction costs and rent for the insurer. 
Usually, transaction costs and ancillary services normally account for 10% to 30% of premiums. We 
now consider whether this loading is well explained as a catastrophe reserve. In other words, could 
the difference of $900m between premiums and losses be explained simply because the price factored 
in the prospect of large losses (say up to $500m) but, due to chance, these did not arise over the ten 
year span? A simply?calculation will illustrate that this is nat unlikely. 

Suppose the total premiums paid $1.15b (present values) were competitively priced in the sense 
that it represent the expected value of losses of $880m plus a typical expense loading of about 20%. 
Since we are dealing in present values we can —_ this as a sequence of ten annual expected 
losses each having a present value of $88m. The approximation of constant expected present values 
allows for growth at a rate equal to the discount rate. Note that even though much of the insurance 
was in the second tier of the table, we cannot compare this $88m with the most recent estimate of 
$70m for second tier losses since not all losses in this der were insured. However, we will use the 
coef ficient of variation from the second tier in the table, (1.4) to estimate the coefficient of variation 
for losses that were actually insured. This yields an estimate for the standard deviation of annual 
aggregate losses actually insured of $108.4m. Now if losses are time independent, the standard 


deviation of the aggregate losses for the ten year period is Cig = [(103(108.4)?]? = $342m. Now the 
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revealed losses for the period is $250m which is 1.84 standard deviations below the supposed total 
expected losses of $880m. Using standard normal tables, there is only a .033 chance that revealed 


losses could be that low.*% This reasoning contains a strong suggestion that insurers were extracting 


= 


very high rent to insure these losses. Moreover, as we are discussing the larger insurable losses, this 


observation is consistent with the con jectures offered above that larger insurable losses will command 
high loading because of monopolistic rent, etc. 

An explanation for the enormous rent extracted by the insurers is found partly in the 
monopolistic conditions in this market and partly in the high enforcement costs. First, very few 
insurers are willing to make a market in risks of the size and nature of BP’s. Much of the market 
capacity is provided by some of the Lloyd’s syndicates. Some idea of the stress a large loss would 
cause to these insurers can be gleaned by considering that a single $500b represents about 8% of the 
TOTAL premia; 90% of TOTAL profits and 4% of TOTAL surplus, where TOTAL refers to the 
combined numbers of a!! syndicates. Noting that aati some of these syndicates made a market for BP, 
the potential for a large loss to cause stress to the insurer = evident. The problem is aggravated 
somewhat by the unlimited liability structure of the Lloyd's gadiat, Lloyd's closes its accounts 
after 3 years and distributes surplus. Thus, much of a syndicate’s reserves for long gestation losses, 
such as liability claims, takes the form of acall on the personal wealth of the underwriting members. 


In recent years, attempts to recover deficits from members have met legal challenges** (e.g. 


malpractice suits against the underwriter). Given costly access to reserves and surplus (and, as 





15The estimated value of 0.033 is best considered a upper boundary to the possibility that revealed 
losses could be as low as $250 assuming that the expected loss is $880. The loss distribution is skewed 
to the right. For such cases, use of the standard normal table will normally overestimate the 
probability mass in the left hand tail and underestimate the mass in the right tail. An alternative 
approximation procedure is to use the normal power approximation. (cite Beard, Personnen and 
Pentikainen) 


**In the usual market model monopolistic rent will attract new insurance capacity. The entry 
barrier here is the equity capital that is made available to absorb abnormal loss experience. The costs 


of providing this capital are lower for Lloyd’s than for Stock firms because the much of the equity 


is represented by the call on personal wealth and it is costly for polcyholders to access this surplus. 
(Cliff, this thought probably needs elaboration ef leaving out!) 
o4" 
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mentioned earlier, costly access to reinsurance), for large kasa one would expect that enforcement 
costs would be high for the policyholder. This prospect is reinforced by the low frequency of large 
losses which dulls the usual reputational controls on repeated opportunistic behavior. For example, 
Table 1 show that the $500m plus loss occurs only about once every 30 years. Consistent with the 
foregoing, the only large liability loss that BP has filed with these insurers, settlement with the 
insurers was only reached several years after settement with the plaintiff. The insurance settlement 
was only 60% of the liability claim and to secure this, BP had considerable legal costs, and devoted 


much senior management time to resolving this dispute. 


Mc Adopted Risk Management Program. 

BP's resolution of its risk valise nii program represented a reversal of the conventional 
wisdom. ‘Conventional risk management practice is to self insure small losses and insure only the 
larger losses. In BP's case, losses below $10m are to be the responsibility of local operating units who 
may seek insurance on local markets, or seek competitive quotations from BP's own captive insurer. 
Insuring small losses has several advantages. Markets for such losses are highly competitive, insurers 


have a comparative advantage in offering ancillary services and such insurance is often needed to 


_ Satisfy local financial responsibility requirements. Delegation of the decision to insure small losses 


facilitates the writing of incentive compatible contracts for local managers since they have the 
Opportunity to reduce expected costs by appropriate safety programs m. uad purchases but 
insurance also permits removal of noise from performance measures. BP's own captive insurer may 
compete with external insurers for business at this level. However, given the real resource effects 
discussed in this paragraph, the captive will not enjoy any acces subsidy that will permit a bidding 
advantage over external insurers. Thus, small — wit tee eins, montos and -loss control 
imposed by a competitive external insurance market. 

Losses above $10m are not to be insured on external insurance markets except in unusual 


circumstances (e.g. insurance is required under existing bond indentures or joint venture provisions). 
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This represents a substantive change in policy for losses in the range $10m to $500m which were 
previously insured; losses above $500m always had been uninsured. The rationale for this change is 
(a) the marginal impact of such losses on total corporate risk, (b) the lack of competition in insurance 
markets of this level, (c) the high costs of enf orcement, and (d) the absence of a comparative 
advantage to insurers in safety services and other services that are ancillary to insurance. The absence 
of insurance poses adds little risk to aggregate firm numbers. However, random uninsured losses can 
cause significant noise in local and regional performance measures. Since such losses are infrequent 
and discrete events, this noise can be purged from performance measures on an ad hoc basis; i.e. losses 
will not be charged against profit centers (and therefore to managerial compensation) except insofar 
as the loss reflects poor management (e.g. inadequate safety standards, poor postloss mitigation). 
The absence of insurance for larger losses shifts the burden of financing losses to conventional 
£ unding sources, debt and equity and can be appraised by conventional criteria. For example 
investment in the reconstruction of destroyed assets requires that the present value be positive and 
funding is decided by the usual trade off between internal/external funds and between debt/equity. 
This has the added advantage that risks that are, in principle, insurable are treated consistently with 


all other sources of corporate risk. 


M.d Towards an Integrated Risk Management Strategy 

Consideration of funding links the discussion of insurable risk to more general issues of 
corporate risk management. Alongside insurable risk, BP is exposed to risk from oil price fluctuations, 
currency fluctuations, interest rate changes, demand shifts and the like. For many of these risks, 
hedging instruments are readily available (oil futures, interest caps, etc.). The optimal hedge on each 
exposures depends on its correlation with other sources of risk and on the availability of hedges for 
the other exposures (Mayers and Smith JPE 1983, Doherty and Schlesinger JPE 1983, Brys, Crouhy 
and Schlesinger 1991). Consequently, the unhedging of insurable risk (cancellation of insurance) has 


significant implications for BP’s overall risk management strategy. We will not address the optimal 
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design of an integrated risk management Strategy here. However, we will conclude by considering 
some approaches that jointly address insurable and other corporate risks. 

Ihe rationale for the cancellation of much of BP" insurance was that, in addition to being too 
expensive, it was ineffective as a hedge. The ineffectiveness of insurance arose because the range of 
losses that are within the capacity of the insurance market can be absorbed by BP without significant 
increase in risk. However, BP is still exposed to the prospect of very large losses (beyond the 
insurance market capacity) that can cause significant loss of equity value. For example, a major 
oilspill and the increased regulatory scrutiny that might follow, could cause BP a loss of value 
comparable to a oil price decrease of several dollars. But unlike the oil price drop, a dedicated hedge 
is not available to cover the very large oilspill and its consequences. However, other strategies are 
available. 

First, while the simple hedge exhibits perfect negative correlation with the underlying 
variable, partial hedges can be assembled with less than perfectly correlated variables. The very TA 
losses that can cause significant risk to BP, can impact oil prices. For example, a oilrig fire of the 
magnitude of the Piper Alpha disaster in the North Sea, can give rise to new saf ety regulations that 
increase production costs and thereby affect oil prices, Similarly, a repeat of the Exxon Valdez ora 
Similar event in Alaska, could conceivably lead to withdrawal of operating licenses not only for the 
implicated producer but for all producers. This would not only affect the market values of oil 
companies but could also affect oil prices. Such possibilities define potential hedging instruments, one 
being the equity of rival fi irms, the other being oil futures. Thus, the same instruments might value 
In hedging insurable and non insurable risks. 

Another way of jointly addressing the effects of insurable and non insurable risk is to reduce 
leverage. The costs of financial distress and agency costs arise from the interaction between risk and 
leverage and these costs can be reduced by lowering leverage. Thus, the optimal leverage for a firm 
will be lower for the self insured firm than for the insured firm. In this sense, leverage provides a 


Substitute for corporate insurance. 
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A more subtle approach is to change leverage ex post, ie. following a loss. By issuing 
convertible bonds the firm can simultaneously change the probability of bankruptcy and induce a 
change in leverage conditional upon an uninsured loss. The normal convertible bond is the 
combination of a non convertible bond and a call option on the stock, the option being held by the 
bondholder. The conversion option introduces upsidé risk to the bondholder who will exercise the 
"option only when stock values rise. The presence of the option increases the value of the bonds and 
reduces the fixed income commitment thereby reducing the probability of bankruptcy. An alternative 
approach is to reverse the conversion option, i.e. the bondholder holds a long position in the bond 
however the firm holds an option to convert to = Clearly, the firm will exercise its option only 
when prices fall. Thus such instruments can be used to trigger a conditional reduction in leverage 
when equity loses value (e.g. when oil prices fall or when an "Exxon Valdez" type of event occurs). 
The reverse conversion option thereby permits the firm the immediately benefit of débt financing 
bui reduces the probability of bankruptcy by conditioning future leverage on the occurrence of loss. 


In the limit, if all debt is issued on this basis then the probability of bankruptcy would be reduced 


to zero.i? 





15(Cliff, no doubt such an instrument could be assembled in other ways) 
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£ million 
Group +. «Parent 
` At 31 December 1989 Note 1989 1988 1989 . 21988 
“Fixed assets: ° 7 ss 
` Intangible assets 16 1,672 1,874 = 5d 
` . Tangible assets 17 19,285 18,926 _ -—— 
- Investments 18 1,497 1,437 4,755 ` . + 2,333; 
22,454 22,237 1,755 $2333: 
.. Current assets: — 
‘Stocks 19 3,381 2,503 _ oi 
Debtors 20 5,361 4,243 3,854 ABSZ 
"Investments 21 151 157 - ?O. 
Cash at bank and in hand 268 183 3 m S 
9,161 7,086 3,857 . 4380 
Creditors -amounts falling due 
within one year: a 
Finance debt 22 2,531 2,319 - =i 
Other creditors 23 7,037 5,659 811 . 1883: 
: „Nert current assets | (407) (892) 3,046 "3,497: 
_ ‘Total assets less current liabilities . 22,047 21,345. 4,801 5,830 
Creditors - amounts falling due 
-fter more than one year: 
“nance debt 22 5,758 4,864. = = 
. Other creditors 23 1,936 1,7197 13 E: 
Provisions for liabilities and charges; 
Deferred taxation 9 451 389 = I 
5, Other provisions 24 2,461 2,241 =. Tar 
Not assets 11,441 12,132 4,783 15,822 ` 
Minority shareholders’ interest 656 614 -— aT 
BP shareholders! interest 10,785 11,518 4,783 /5:822 
š Represented by 
3 Copia and reserves: 
-Called up share capital 25 1,346 1,536 1,346 1,536: 
. Share premium account 26 1,752 1,685 1,752 1,685 
Capital redemption reserve 27 197 - 197 = 
Reserves 28 7,490 8,297 1,488 2,601 
10,785 11,518 4,783 155,82". 
Peter Walters, Director. 
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Group Income Statement 







































































£ mililon 
Forthe year ended 31 December 1989 7 Note 1989 I . 1988 `: 
Turnover 2- 25,587 25,922 
Replacement cost of sales 22,095 19,330 
Production taxes 3 | 1,242 u 1566 
Gross profit 6,304 : i ` 6.026 
Distribution and PETE enses `: 4 . 3,630 3,333 
Exploration expenditure written O 480 495 
s 2,134 2,198 
Other income Ë E 803 | 693 
Replacement cost operating profit 2,337 2,891 
Stock holding gain (loss) 390 ND (052) 
` Historical cost operating profit 3,327 2,659: 
Interest expense 7 : 794 582 
Profit before taxation | 2,533 2,077 
Taxation | 9 | 744 823 
Profit after taxation 1,789 | $254 
Minority shareholders’ interest | 45 | = 
` Profit before extraordinary tems 1,744 1,210 
Extraordinary items . 10 390 = 
Profit for the year * 2,134 1,210; 
Distribution to shareholders . 11 SL | | 8&3 
Xetained profit for the year (01,3389 387. 





` Earnings per ordinary share 12 31.8p ': 20:0 





Group Reserves 
Group reserves at 1 January ` 8,297 .. 7,802: 
adjustments 268 ~ASZ 
- Shares purchased from KIO 27 (2,423) buo 
. Retained profit for the year 1,339 1986 
Other movements E | XS) 











Group reserves at 31 December 28 7,490 t. 8,297; 


ABC MANUFACTURING COMPANY 


Description of Operations 


ABC Manufacturing Company is a manufacturer of fine furniture 
designed to resemble the furniture used in various historical periods. 
The company’s furniture is sold by approximately fifty dealers 
throughout the United States and in several foreign countries. Dealers 
are carefully selected by ABC to be sure they maintain the high quality 
image that ABC has established in its 100-year history of making fine 
furniture. Most dealers sell only ABC’s furniture, but a few also sell 
noncompeting lines of similar quality. Deslers who sell only ABC: 
furniture are franchised to do business under ABC's trade name and 
would appear to the public to be branch stores rather than independent 
businesses. 

` ABC’s factory is a three-story building of heavy timber (mill) 
construction located in a New England town of 2,500 population. The 
first floor is used for warehousing and office space, and the two upper 
floors house the production facilities. The building is seventy-five yes 
old and has been occupied by ABC since its construction. The local Bre 
department is above average for towns of this size, but its water supply 
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system does not have adequate reserve capacity to maintain pressure for 
fighting a major fire over a period of several hours. 

Adjacent to the factory building is a large frame structure used by 
ABC to store seasoned lumber for its furniture. Lumber is first air dried 
in the yard adjoining the shed, with the exact drying period depending 
on the kind of wood involved. The air-dried wood is then kiln dried in 
ABC's own kiln, after which it is stored in the frame storage building 
until needed. ABC's power plant is located in a brick building about fifty 
feet from the main plant. It furnishes heat and steam for al] operations. 
Water for the steam boilers is drawn from a large river adjacent to the 
power plant. Electricity is purchased from a public utility. 

Due to the length of the seasoning period, ABC usually has on the 
premises a supply of lumber adequate for four months of operations. 
Much of the lumber is purchased within a 200-mile radius of the factory, 
but substantial amounts are purchased from more distant sections of the 
United States or from foreign countries. For example, mahogany 
lumber, which is used in almost half of ABC's products, is imported by 
ABC from Latin America and Africa. Most of the lumber arrives at 
ABC's yard by railroad and is shipped FOB point of origin. The imported 
lumber is shipped by water to the nearest port, approximately 100 miles 
from ABC's factory, and then by train to the factory. Some locally 
produced lumber is delivered to ABC by truck, FOB ABC's yard. 

Workers in ABC's factory use some small power tools, such as saws, 
planers, lathes, and similar equipment. However, the production process 
is primarily manual Highly skilled craftsmen build the company’s 
products, using many of the same. techniques that were used two 
centuries ago. Furniture finishing is done by hand, and most of the 
stains, varnishes and other finishing materials. are compounded by 
ABC's employees according to the company’s proprietary formulas. 
ABC's labor force is very: stable because.each craftsman undergoes a 
lengthy apprenticeship in the plant and because ABC pays wages that 
are relatively high by the standards of the community. Management 


- esnsiders the high wages to be necessary because of the time and 


expense required to hire and train a replacement for a craftsman who 
leaves the firm. 

_ Some finished furniture is shipped by railroad, but most of it is 
shipped by contract carrier trucks. The contract with the trucker does 
not include any provision relative to liability for damage to goods in 
transit Export shipments are transported by truck to the nearest port 
and by water to the country of destination. All shipments are made FOB 
purchaser’s warehouse. . 

All sales, including export sales, are made on open account and only 
to ABC's established dealers. Export accounts usually are denominated 
la and payable in the currency of the importer's country. Accounts 
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receivable, on the average, are equal to about one-eighth of annual sales. 
Accounts receivable records are kept on ABC's computer in the office 
section of the first floor of the factory building. The computer is also 
used for inventory and production control, payroll management, and 
other accounting functions. The computer equipment is owned by ABC. 
The office is cut off from the warehouse section of the first floor by a 
wood partition, and the computer room is cut off from the balance of the 
office by a similar partition. The office and computer room are air 
conditioned, but the remainder of the building is not. Duplicate 
computer tapes, updated weekly, are stored in a well-protected vault in 
another part of the city. A monthly fee is paid for the tape storage. 

ABC owns several small trucks that are used to move lumber about 
its own premises and for local pickup and delivery. The trucks are kept 
in the lumber storage shed when they are not in use. Several lift trucks 
are used for moving lumber and other heavy items in and around the 
factory and lumber storage area. 

A freight elevator moves materials, finished furniture, lift trucks, 
and other equipment between floors in the factory. Automatic grillwork 
gates have been installed to prevent workers from falling into the 
elevator shaft. There is no passenger elevator. Workers use either the 
freight elevator or the open stairwells when moving between floors. 
Steel fire escapes have been installed on the exterior of the building to 
facilitate evacuation of the upper foors in case of fire or other 
catastrophe. | E 

ABC Manufacturing Company is wholly owned by its president, Mr. 
Carpenter, who is the grandson of the company's founder. Mr. 
Carpenter is considered wealthy by local standards. However, his 
fortune consists almost entirely of the stock of ABC Manufacturing 
Company, and he is dependent on his salary and company dividends for 
his livelihood. Nearly all of ABC's operating profit has been paid in 
dividends in recent years. Consequently, the company has only a modest 
cushion of liquid assets in excess of its operating needs. Profits have 
been consistent, but they have been relatively low because of the 
inefficiency of the present factory facilities. Although the dollar amount 
of ABC's sales has increased steadily because of price increases, the 
physical volume of sales has remained almost constant over the past 
several years. The lack of growth has resulted primarily from two 
factors. First, the present plant cannot accommodate greater production 
because of space limitations, and there is no available land adjacent to 
the plant to permit expansion. Second, the long training period required 
for new employees prevents rapid expansion, of production. Mr. 

ater has considered building a new factory at another location 1n 
the same town. However, such a move is not financially feasible unless 
the present plant can be sold, and no prospective purchasers have been 
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Table 14-1 
ABC Company Building Values 










Actual Replacement 
Building Cash Value Cost 





found. À move to any location outside its present hometown would not 
be practical because of the company's dependence on its well-trained 
eraftsmen. The sales manager estimates that both the desler network 
and sales could be increased by 30 percent over the next five years if 
production facilities could be provided. 

The cost to rebuild the present factory building in its present form 
would be $2.5 million. However, Mr. Carpenter has indicated that he 
would not build a new mill-type building to replace the current structure 
because of the high cost of the thick brick walls and heavy timber 
interior construction. A new, one-story, noncombustible masonry and 
stee] building of comparable floor area would cost approximately 
$2 million to build and would-be more efficient for ABC's purpose The 
actual cash value of the present factory building is estimated to be $15 
million, and ABC has insured it for that amount against fire and the 
extended coverage perils. The lumber storage shed, power plant, table 
and lumber kiln are also insured for their actual cash values. Table 14-1 
shows the actual cash value and replacement cost for of the 
structures. 

ABC's annual premium for fire and extended coverage insurance is 
$136,000, including the coverage for contents of the buildings and for 
lumber stored in the yard. There have been no fire or extended coverage 


- losses during the past five years and only minor losses prior to that time. 


The company's estimated annual workers' compensation premium is 
$165,000. Loss experience has been fairly consistent from year to yesr. 
Based on past experience, with adjustments for inflation and current 
benefit levels, normal losses of $104,000 can be expected. 

The most frequent claims have been small and have resulted from 
such minor injuries as splinters in hands, several minor dermatitis cases, 
and sawdust or metal particles in the eyes. The more serious injuries 
have included back strains and loss of fingers in power saws and other 
power tools. ABC now has a 15 percent debit under the workers 
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‘compensation experience rating plan. (That is, they are paying a rate 15 
percent greater than manual rates) 
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BITE-0-BURGER COMPANY 


Description of Operations - 


The Bite-O-Burger Company is a publicly held corporation. It owns 
and operates 843 fast-food restaurants located in eleven states. The 
restaurants feature a limited menu consisting of hamburgers, french 
{ried potatoes, fried chicken, chili, related food items, and nonalcoholic 
beverages. The restaurants vary in size, but each is located in a free- 
- standing building and surrounded by customer parking areas. All of the 
buildings were built to Bite-O-Burger’s plans and specifications and 
. share enough architectural characteristics to make them easily recog- 
nized as units of the chain. All have-foreed air hest and are air 
conditioned.. i 
_ Atcurrent prices, the average replacement cost of the restaurants 
is estimated at $125,000 per unit for the building and $100,000 for the 


equipment, Because of differences in size, the replacement cost, 


including building and equipment, ranges from $115,000 for the smallest 
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restaurant to $300,000 for the largest. The average actual cash value is 
$205,000 for building and equipment combined. The restaurants vary in 
age from a few days to approximately twenty years. All of them are 
owned by Bite-O-Burger, but the newer ones are subject to substantial 
mortgages. 

The home office of the company is located in leased space in a 
building in the business district of à midwestern city. Bite-O-Burger 
occupies the upper three floors of the thirty-story building. The 
company’s data processing center is located on the top floor. All of the 
computer equipment is leased from the manufacturer. 

Bite-O-Burger also occupies a leased warehouse near the home 
office. It is used for storage and distribution of supplies (paper cups, 
wrapping materials, etc.) and nonperishable food items. Perishable food 
items are purchased from local suppliers near the restaurants in which 
they will be used, and they are delivered directly to the restaurants by 
the suppliers. There is no refrigeration equipment at the warehouse, but 
each restaurant has a large, walk-in refrigerator. Items from the 
company warehouse are distributed to the individual restaurants by a 
fleet of thirty owned tractor-trailer units. The same units also transport 
goods from the suppliers to the central warehouse when truck-load 
quantities are purchased. Smaller lots are shipped by common carrier 
FOB point of shipment. eu 

The values of the contents at the warehouse and home office are 
$15,750,000 and $3,200,000, respectively. Values at both locations are 
relatively constant throughout the year. 

Bite-O-Burger advertises extensively in newspapers in the cities in 
which it has several restaurants. Many of its advertisements feature 
endorsements of its products by prominent athletes and theater 
personalities. Some advertisements feature pictures of local people and 
their favorable comments on the company's food and service. The 
company also sponsors softball and bowling teams in some cities asa ' 
part of its public relations program. . u 

Bite-O-Burger's profit and loss statement and an abbreviated 
balance sheet for last year are shown in Figures 141 and 14-2 The 
company’s operating results for last year were typical of past years, but 
sales and assets have been growing at a rate of approximately 2 
percent per year. 

Bite-O-Burger's fire and extended coverage losses for the past five 
years are shown in Table 14-2. 

The quotatiens shown in Table 14-3 have been obtained for fire and 
extended coverage. protzction—blanket on buildings and contents on an 
actual cash valve basis. Bite-O-Burger is well aware of the fire 
exposures associated with restaurants. Extensive fire control equipment 


352 


Figure 14-1 
Bite-O-Burger Company Profit and Loss Statement 








. Profit and Loss Statement 


| Sales : $345.630,000 
| Cost of materials and supplies $102,049,359 
| Wages and salaries 














Officers and key employees $ 13,306,755 
Other employees 107.663.740 120.970.495 
Vulities - 8,641,253 
Maintenance and repairs | 9.S06.873 
Taxes (other than income taxes) . 6,920,101 
Insurance 4.320.376 
| Advertising ` 14,363,897 
Deprecation 10,176,438 ` 
Miscellaneous , 3,974,744 280,928,541 


| Net profit before taxes $ 64,701,459 
l 38,453,674 


$ 26.242.785 
> 


has been installed in the kitchens of all units, and especially in the range 
hoods and in the cooking areas. 
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Figure 14-2 
Bite-O-Burger Company Balance Sheet 





Cash $12,357,821 Accounts payable $20.263,847 | 
Inventory 10.879.643 Short-term bank loans 21,764,169 | 
Buildings | | 73.730.466 Salaries and wages payable 2,419,410 | 
Land 39,259,469 Mortgages on real estate 65,327,883 
Furniture, dures and equipment! 54,757,483 Miscellaneous Eabilities 831.779 
Motor vehidesT | 896.010 Tal iabi&ties $111,513.028 
Miscellaneous assets 412.210 "od a 
Tota! assets 3 x $192,303,088 Capital and Surplus 
Common stock $20.000.000 
8% preferred stock 30.000.000 
Paid-in surplus 10,000,000 
Earned surplus : 20,650,000 
Total capital and surplus s 80.520.000 
“otal Eabiftiss, capital, and surplus $192.303.088 
T After deduction for deprecation, 
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Table 14-2 


1 
2 
3 
4 
5 


Nurnber of 
Losses 


(most recent) 


Table 14-3 


Bite-O-Burger Company Fire and Extended Coverage Loss History 


Largest 


$ 8,843 
6.381 


247.317 


2.178 
11,423 
$276,742 





Bite-O-Burger Company Fire and Extended 


Coverage Insurance Quotations 










$100 per occurrence 
$5,000 per occurrence 
$10,000 per occurrence 
$25,000 per occurrence 
$100,000 per occurrence 
$100,000 annual aggregate 
$250,000 annual aggregate 


$769,000 
630,500 
545,900 
439,330 
357,600 
451,000 


E ` 
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Case 3 


PANACEA PHARMACEUTICAL COMPANY 


Description of Operations 


The Panacea Pharmaceutical Company is a publicly owned corpora- 
tion. Its common stock is traded on a major stock exchange. The 
company is engaged in the manufacture and distribution of both ethical 
drugs (sold only by prescription) and patent medicines sold over the 
eounter by drug stores and other outlets Some of the ethical 
pharmaceuticals contain narcotics, and substantial amounts of narcotics 
are stored in the manufacturing plant for use in the preparation of such 
products. . 

Although Panacea makes and sells over 100 different drug products, 
approximately 30 percent of sales and a slightly higher percentage of 
_ profits are derived from one product, an ulcer remedy. There are other 
similar ulcer remedies on the market, and management concedes that 
some of them are equally effective. However, Panacea's product was the 


first on the market and has acquired a large following among doctors, , 


who usually prescribe it by Panacea’s brand name. 
Management is concerned that any prolonged absence of their ulcer 


medicine from the market would cause doctors to prescribe another, 


brand and they might not return to Panacea’s brand when it becomes 
available again. The manufacturing process for the product is relatively 
simple, Only stock machinery is needed. Replacement machinery would 
be available immediately, and several buildings suitable for the purpose 
are also readily available. The manufacture of the product (and all other 
- company products) could be subcontracted to other pharmaceutical 
manufacturers who specialize in making such products on a contract 
basis. However, about thirty days would be required to negotiate 
contracts, obtain packaging materials, and make other necessary 
arrangements to farm out production. 

The formula for the ulcer medicine includes one chemical compound 
that is manufactured in only one chemical plant in the world. The reason 
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for its limited production is lack of demand. Panacea uses about one-half 
of the amount produced. The compound is not difficult to produce and is 
not protected by patents. Panacea's production manager estimates that 
Panacea could install the necessary equipment, obtain necessary 
materials, and begin producing the compound themselves in about sixty 
days. However, they would prefer to continue purchasing it from the 
present supplier if possible. All other materials used in Panacea products 
are readily available from several sources. 

Panacea's sales are growing at a rate of about 20 percent per year, 
mostly as the result of the introduction of new products. The company 
has extensive research facilities and has developed and introduced an 
average of five new products per year Over the last six years. Many 
other potential products are developed and tested but are not introduced 
because they prove to be ineffective, dangerous, or both. The testing 
process for some products is long and complex. Some products may 
involve several years of testing on dogs, primates, or other relatively 
long-lived animals, possibly followed by testing on human volunteers. 
Voluminous records are accumulated during such tests. The records 
must be retained for many years for use in licensing applications and 
defense of products liability claims, for use in future research projects, 
and for other purposes. - 

The research records are kept in fire-resistive filing cabinets in the 
records room of Panacea's research center. The center also houses 
research laboratories, offices for res personnel and cages ‘for 
experimental animals. It is located in a sprinklered, fire-resistive 


building adjacent to Panacea's factory. 


The factory building also is fire resistive and is sprinklered in all 
areas except the clean room. The clean room is used for manufacturing 
and packaging processes that require complete sterility. It has its own 
air conditioning system with special filtering equipment to eliminate 
dust or other potential contaminants. Other equipment is also provided 
to maintain the sterile atmosphere. Even very slight contamination of 
the clean room would require that production be discontinued for. 
several days until sterility could be reestablished. All workers in the 
clean room must wear special sterile uniforms and surgical masks. 

Both the factory and the research center are five years old. They are 
surrounded by a carefully maintained lawn, and are separated from the 
nearest building by a distance of 200 feet. They are located in a medium- 
sized city with excellent public fire protection and water supply. 

Panacea's products are marketed through company branches. Each 
branch consists of an office and a warehouse. There are twenty-three 
branches in the United States and eighteen branches in Canada, Europe. 
and Latin America. Each branch has several sales representatives who 
call on doctors, hospitals, pharmacists, and other retailers of drug 
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products. The sales representatives at the foreign locations are citizens 
of the countries in which the branches are located. However, most of the 
branch managers, assistant branch managers, and branch sales manag- 
ers are U.S. citizens. The company's products are offered for sale in 
approximately 40,000 retail establishments here and abroad. 


The branches are located in leased quarters, but the office and - 


warehouse equipment and drug inventory total about $350,000 at each 
location. Most shipments to domestic branch locations, as well as 
incoming shipments of materials, are made by common carrier trucks 
and railroads. Foreign shipments usually go by ship. However, air 
freight shipments, both domestic and foreign, are sometimes made if 
great speed is necessary. The only motor vehicles owned by Panacea are 
twelve private passenger cars used by executives and messengers and 
three light trucks used for local pickup and delivery. All of them are at 
the home office. Branch office officials and sales representatives use their 
personal automobiles for business-related travel. Panacea does not own 
any boats or aircraft, but small airplanes, with crew, are sometimes 
chartered for executive transportation. The sales vice president, a 
licensed pilot, sometimes uses his personal airplane on company business. 

Panacea's products are advertised extensively. Ethical pharmaceu- 
ticals are advertised primarily by direct mail to doctors and in medical 
journals. These advertisements tend to be technical and medical in 
nature. Advertisements for patent medicines appear on radio and 
television and in consumer magazines and newspapers. Such advertise- 
ments are nontechnical and are designed to appeal to consumers. 
Endorsements by prominent persons are sometimes used. 

Panacea is in an exceptionally strong financial condition. Profits 


The present manufacturing vice president who has occupied that 
position for five years has been more aware than his predecessor of the 


The company's workers’ compensation premiums, losses, and experience 
rating modifications for the last five years are shown in Table 15-1. 
The experience rating modification for the current year is a credit 
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Table 15-1 | 
Panacea Pharmaceutical Workers Compensation History 












Experience 
Losses Debit (+) or 
Number Amount Credit (-) 





1 57 
2 48 
3 125,000 46 
4 47 
5 43 


U Most recent completed year. 


Table 15-2 
Panacea Pharmaceutical Estimated 
Cost of Workers Compensation 
Retention Program 






Losses 
Excess insurance 
Self-insurer bond 
Taxes 
Servics fee 

Total 





of 2 percent. The increasing premium reflects increases in manual rates 
and payrolls, which have more than offset the improved experience 
modification. The factory, research center, and home office payrolls 
account for about 75 percent of the workers’ compensation premium. 
Panacea has been considering the feasibility of retaining the workers 
compensation exposure for all employees in its home state. Commercial 
insurance would be continued for all other employees because of the 
expense and inconvenience of qualifying as a “self-insurer” in all states. 
A risk management consultant has prepared an estimate of the annual 
cost of a retention program for Panacea's home state employees, 25 
shown in Table 15-2 | 

The estimated annual workers compensation premium for the same 
part of Panacea's payrolls is $96,000. The excess insurance premium 
would provide coverage for $2 million in excess of aggregate losses of 
$125,000 in one year. The self-insurer bond is required by the state a 
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guarantee the payment of benefits, and the taxes are for the support of 
the state workers’ compensation board. The service fee would be paid to 
a service company for loss adjustment, loss control, and administrative 
services furnished by that firm. The service company’s staff is capable of 


providing those services on the same level now provided by the . 


insurance company. Panacea does not have any employees qualified to 
provide claims service. It has only one safety engineer on ite -*-™ 
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